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CHECK pain, fever and discomfort 
feo COLDS, GRIPPE, FLU | | 
| 
CHECK the of 
A more rapid, refreshing relief 
oJ | assured fluid intake 
| J | protective alkaline factor * 
notably 
safer control—R_ only | 


Availability: Box of 50, individually foil-wrapped 
tablets. 


NOTE: Apamide-Ves offers your arthritic patients a 
pleasant change. It is especially valuable for those who 
cannot take salicylates. 


Samples and literature upon request. 


COMPANY, ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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“Stradivarius quality in anesthesia 


Novocain, in constant use by physicians for nearly 


half a century, has become a classic 
among modern regional anesthetics. 


The attributes of Novocain are many... its uses, manifold... 


outstanding 


...no significant effect on blood pressure en- 


countered even with high concentrations 
when used for splanchnic block’ 


...in poor risk and aged patients, most pop- 
ular among 11 anesthetics” 


precision control 


important in obstetrics for 
local infiltration analgesia or combined 
with pudendal block for vaginal delivery* 


... controlled hypotension in surgery of intra- 
cranial vascular anomalies* 


dependability, tolerance, rapid effect 
permanent ceramic imprint on each ampul 


1. McCann, J. C.: Anesth. & Analg., 30:181, July-Aug., 1951. 


2. Livingstone, H. M., and Johnson, N. P.: Jour. lowa Med. Soc., 42:296, 
July, 1952. 


8. Hershenson, B. B.: Am. Jour. Obst. & Gynec., 63:559, Mar., 1952. 


4. Woolsey, R. D., and Freiheit, H. J.: Jour. Missouri Med. Assn., 49:316, 
Apr., 1952. 


Novocain, trademark reg. U.S. & Canada, brand of procaine hydrochloride 


WINTHROP 


Novocain 


first brand of 
procaine hydrochloride 


Supplied as: 

Novocain crystals in ceramic im- 
printed ampuls, each containing 
50 mg., 100 mg., 120 mg., 150 
mg., 200 mg., 300 mg., 500 mg. 
and 1000 mg. 


Novocain solution 1 per cent and 
2 per cent in ampuls and in vials 
of 30 cc. and 100 ce. 

Plus other concentrations and 
forms with and without vaso- 
constrictors. 


Winthrop-Stearns Inc. 
New York 18, N. Y. * Windsor, Ont. 
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NEW SOLUTIONS 
offer maximum electrolyte selectivity 


with twice the caloric benefits of 5% Dextrose 


Supplementing the clinically-proven advantages of 
Jravert.lM 


e twice as many calories as 5% dextrose, 
in equal infusion time, 
with no increase in fluid volume 

© a greater protein-sparing action 
as compared to dextrose 

e maintenance of hepatic function 


now offer the physician 
a choice of... 


* 
* 


products of 


BAXTER LABORATORIES, INC. 


Morton Grove, Illinois * Cleveland, Mississippi 
DISTRIBUTED AND AVAILABLE ONLY IN THE 37 STATES EAST OF THE ROCKIES (except in the city of El Paso, Texas) THROUGH 


AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES * EVANSTON, ILLINOIS 


these 5 new parenteral solutions*.. 
Modified Duode Per 1000 cc. 
T 
| eight = milliequivalent/titer 
Wallet cards available on request 
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HERE’S HOW 


POLYSAL” 


HELPS YOUR PATIENTS 
1 


POLYSAL prevents and corrects hypo- 
potassemia without danger of toxicity! 


2 


POLYSAL corrects moderate acidosis 
without inducing alkalosis! 


3 


POLYSAL replaces the electrolytes 
in extracellular fluid! 


4 


POLYSAL induces copious excretion 
of urine and salt! 


Polysal, a single I.V. solution to build electrolyte balance, 
is recommended for electrolyte and fluid replacement in 
all medical, surgical and pediatric patients where saline or 
other electrolyte solutions would ordinarily be given. 
Available in distilled water—250 cc. and 1000 cc. and in 
5% Dextrose—500 cc. and 1000 cc. 


INSTEAD OF UNPHYSIOLOGICAL 
“PHYSIOLOGICAL SALINE’ MAKE 


POLYSA 


YOUR ROUTINE PRESCRIPTION 


CUTTER: 


1. Fox, C.L. Jr., et al. 
An Elec trolyte Solution Approximat- 


ing Plasma Concentrations with 
Increased Potassium for Routine \ _ 4 
Fluid and Electrolyte Replacement. CUTTER Laboratories 


J.A.M.A., March 8, 1952. 
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-~“Trilene” 
Stered wj 

ae Inhaler, offers 
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Recomniended for use with ‘‘Trilene’’ in 
obstetrics and surgery, the ‘‘Duke"’ Uni- 
versity Inhaler is specially designed for 


of anesthe, jdiunet | economy, facility of handling and ready 
Various anesthetic control of vapor concentration. It can 

ne,”® brand of hi ‘ be operated with ease and efficiency by 
Ylene (Blue), j,°"!Y purified _ adult or child in the doctor's office, in. 


f 300 cc, Supplied in the hospital, in industrial dispensaries, 


in the home, or. even enroute to the 


af 
Ayerst, McKenna & Ha 


ISIE 


rrison Limited - New York, N. Y. - Montreal, Canada 


er and infant, anq Provides ease of 
Flowers, Jr., M. D., in a Paper Presenteq 
|before the Brooklyn Gynecological So-/ 
if In the 602 Cases reviewed, no increaseq 
tendency Postpartum hemorrhage or 
Other obstetric complication Was noted; | 
» |the incidence of Spontaneous breathing 
in the infants Was essentially the Same 
|as that of a Substantia) contro] 8roup « 
Where the Mothers received no Medica- 2 
‘ tion; Telief of Pain was highly 8atis- 
factory; Patient ©00peration Was note. 
These findings are Consistent With the| 
Publisheg record of effectivenes, and 
2 Safety of “Trilene” inhalation analgesia 
in obstetrics 48 Well ag in many SUrgica] 
Procedures Such as reduction Of frac. 
| tures, removal of Painfy] dressings, in- i 
Cision and drainage of abscesses. 
Self Administereg With the “Duke” 
University Inhaler, “Trilene” analgesia 
is Usually Marked by SMooth and rapid 
induction With Minimum °F no logs of; | (Model 
“NSciousness Inhalation, is Interrupted Inhaler 
Swift; Nausea and Vomiting are rarely 
“Trilene” is n0Nexplosive, 4nd in the 
at mixtures €mployed Clinically is nonin. 
flammable in air and Oxygen, “Trilene” 
also be used as 
a “Trile 
= or the “Duk 
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There is objective evidence that ‘Marezine’ depresses 
labyrinthine sensitivity,' and clinical evidence that it gives 
complete symptomatic control of vestibular vertigo in 
over 80 per cent of cases.” 


Constant findings in clinical work with ‘Marezine’ have 
been: 
rapidity of action—the effect is usually 
apparent within 10 to 20 minutes; 


no greater incidence of drowsiness than 
that reported after placebos. 


References : 1. Gutner, L. B., Gould, W. J., and Cracovaner, A. J.: The Effects of Cyclizine 
(Marezine) Hydrochloride and Chlorcyclizine (Perazil) Hydrochloride upon Vestibular 
Function. A.M. A. Arch. Otolaryng. To be published. 2. Witzeman, L. A.: Marezine in the 
Treatment of Vertigo. To be published. 


**MAREZINE’ HyDROCHLORIDE brand Cyclizine Hydrochloride 
50 mg. Compressed, scored + Bottles of 100 and 1,000 


Full information will be sent on request. 


& Burroucus WELLCOME & Co. (u.s. A.) INc., Tuckahoe 7, New York 
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“OPERATING 


CAMBRIDGE 
Room CARDIOSCOPE 


“It has taken the guesswork out of 
what is happening inside the patient. 
It has certainly increased the safety 


of hazardous operations.” 


The Cambridge Operating Room Cardio- 
scope continuously indicates to the Anes- 
thesiologist and Surgeon any lead of the 
patient’s electrocardiogram and the _ instan- 
taneous heart rate. Its sweep second hand 
is most convenient for timing respiration and 
for similar purposes. A cardiac standstill alarm 
gives audible warning instantly when the heart 
rate drops below a selected critical minimum. 

By simple operation of a remote control 
switch on the Cardioscope, any portion of any 
lead of the electrocardiogram is recorded upon 
the Cambridge Simpli-Seribe Direct Writing 
Kleetrocardiograph. In this manner, a continu- 
ous history of the patient’s heart can be written 
during the entire operation. 

The Cambridge Operating Room Cardioscope 
is explosion proof and may, therefore, be safely 
used within the operating room. The Electro- 
cardiograph, however, should always be located 
outside the operating room where no explosive 
hazard exists. 

This Cardioscope incorporates the suggestions 
and ideas of prominent Anesthesiologists, 


Cardiologists The Electro- 


and Surgeons. 
cardiograph is a fine portable direct writing 
instrument embodying the design and manu- 


facturing skill of Cambridge. Availability of 
this combination of instruments may well 
decide whether surgery is justified upon a poor 
risk patient. It is must equipment for the modern 
operating room. 


Send for Literature 


CAMBRIDGE INSTRUMENT CO., INC. 
3033 Grand Central Terminal, New York 17, N. Y. 


Chicago 12, 2400 West Madison Street 
Philade!phia 4, 135 South 36th Street 
Cleveland 15, 1720 Euclid Avenue 
Detroit 2, 7410 Woodward Avenue 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 


CAMBRIDGE 


ELECTROCARDIOGRAPHS 
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answering 


tablets 


indicated in: 
Rheumatoid Arthritis 
Osteoarthritis 


ort 


brand of hydrocortisone 


anti-rheumatic 


Acute Rheumatic Fever 
Bronchial Asthma 


* 
anti- allergic 
Allergic Dermatoses 
Acute and Chronic 

Ocular Disorders 


e 
anti-inflammatory 
and other conditions responsive 
to adrenocortical hormone 
therapy, e.g., Addison’s disease, 
intractable hay fever, drug a 
reactions, etc. ’ 
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Superior anti-rheumatic potency 


In comparison with cortisone, hydrocortisone produces maxi- 
mal therapeutic benefits with smaller dosage requirements, 
and endocrine complications are fewer and less pronounced.” 


in rheumatoid arthritis 


Systemic administration of CorTRIL tablets quickly relieves 
active inflammatory and constitutional manifestations, often 
within a few hours. Crippling pain, stiffness, and swelling 
diminish rapidly and beneficial effects persist with continu- 
ance of therapy. 


in osteoarthritis 


CorTrIt tablets are a valuable adjunct in achieving enhanced 
function and comfort in weight-bearing joints. 


When the joints involved are few in number, or when one or 
two joints do not respond to systemic therapy, injection of 
CORTRIL Acetate Aqueous Suspension directly into the joint 
affords remarkably effective, safe therapy. 


the predominant glucocorticoid 


references: 


1. Boland, E. W.: Ann. 


Rheum. Dis. 12:125, 1953. 


2. Boland, E. W., and 
Headley, N. E.: J.A.M.A. 
148:981, 1952. 


supplied: 

CORTRIL TABLETS (hydrocortisone, free alcohol), scored, as 
10 mg. tablets in bottles of 25, and 20 mg. tablets in bottles of 20. 
also available: 

CORTRIL ACETATE AQUEOUS SUSPENSION 

for intra-articular injection, in 5-cc. vials; 25 mg. per cc. 
CORTRIL ACETATE OPHTHALMIC SUSPENSION 
WITH TERRAMYCIN® 5 ce., in amber bottles with sterile eye 
dropper; each cc. of sterile suspension provides 15 mg. hydrocortisone 
acetate and 5 mg. TERRAMYCIN hydrochloride. 

CORTRIL ACETATE OPHTHALMIC OINTMENT 

in 1/8-0z. tubes in strengths of 0.5% and 2.5%. 


CORTRIL ACETATE TOPICAL OINTMENT 
in 1/6-0z. tubes in strengths of 1.0% and 2.5%. 


Pfizer Syntex Products 


PFIZER LABORATORIES Brooklyn 6, New York 


Division, Chas. Pfizer & Co., Inc. 
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READY- MADE 


Vitallium 


VITALLIUM HIP DESIGNS 
(from left to right) 


1. Modified Judet Type 
No. 6902 


2. F. R. Thompson Type 
No. 6936 


3. Moore Type No. 6939 


4. J. E. M. Thompson Type 
No. 6938 


5. McBride Type No. 6935 
6. Lippmann Type No. 6932 


HIP PROSTHESES 


SIX DESIGNS e CLINICALLY PROVEN 
STRONG @ INERT © LONG WEARING 


All six designs of Vitallium hip prostheses are the result 
of careful thought, trial and study on the part of the 
initiating surgeon. All have been implanted successfully 
and their use is recommended in properly selected cases. 

Vitallium hips offer a variety in design which permits 
selection of the type best suited to the patient’s require- 
ments. They are strong, well-designed and wear-resistant. 
The head portions are smoothly polished and except for 
the Lippmann type are hollow for lightness. 

Like all Vitallium appliances, the suitability of these 
prostheses for permanent implantation has been proven 
throughout 15 years of use. 

* * * 
WRITE FOR MORE DETAILED INFORMATION, INCLUDING 
SIZE DATA AND SUGGESTED OPERATING TECHNIQUES. 


ORDER THROUGH YOUR SURGICAL DEALER 


AUSTENAL 


24 EAST 39th STREET + NEW YORK 16,N.Y.: 
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announces 


yan important new aid 


chest surgery 


Developed to meet rigid standards of chest surgeons, 
the new Gomco No. 766 Thermotic Thoracic Pump 
provides constant, gentle intrapleural suction to re-inflate 
the lungs immediately following operation, and to 
help maintain inflation during the succeeding crucial 
forty-eight hours. Suction is within the established safe 
range (0 to 25 cm. of water) to prevent hemorrhage, 
yet volume is high enough tc handle cases where leakage = 
is present. Silent, attention-free and completely 
dependable, the 766 is a valuable post-operative aid to 
the chest surgeon. Operates on 115 Volts, 60 Cycle, 
only. Your dealer will be happy to give you any further 
information you may desire. Why not call him 
or write us? 


GOMCO SURGICAL MANUFACTURING CORP. 
834-M E. FERRY STREET, BUFFALO, NEW YORK 


com: 
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PHOTOGRAPH BY CHARLES KERLEE 


Specifically designed for intestinal bacteriostasis 


SULFATHALIDINE. 


PHTHALYLSULFATHIAZOLE 


ACTIONS AND USES: SULFATHALIDINE, an efficient intestinal 

antiseptic, is designed for one specific function—intestinal 

if bacteriostasis. Its major antibacterial effect is confined to 
fi the gastrointestinal tract since only about 5 per cent of the 
fs drug is absorbed systemically. The low degree of absorption 
‘ and the small dosage required means that the possibility of 
undesirable side reactions are minimal. The feces become 

soft and essentially odorless after therapeutic doses of SuL- 

FATHALIDINE. Further, SULFATHALIDINE is an effective bac- 


teriostatic agent even in the presence of a watery diarrhea. 
Indications: Preoperatively and postoperatively to control 
bacteria in intestinal surgery; also useful in the treatment of 
ulcerative colitis. 


DOSAGE: On the basis of body weight. Suggested average 
adult dosage is 8 to 12 SULFATHALIDINE tablets daily (in 
divided doses). 


SUPPLIED: 0.5 Gm. tablets in bottles of 100, 500, and 1,000. 
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The New RESIN-PLASTER Bandage 


OR many years, “SPECIALIST’* Plaster of Paris Bandages have been the 
product of choice of a large majority of orthopedic surgeons and hospitals 
throughout the United States. 


Since its introduction on July 1, 1952, “SPECIALIST” Orthopedic Resin has also be- 
come increasingly popular for use in conjunction with “SPECIALIST” Bandages, to 
strengthen and lighten plaster casts and fortify them against water and urine erosion. 


Now, we are proud to announce that our Research Laboratories 

have succeeded in combining all of the proven advantages of 

“SPECIALIST” Bandages and “SPECIALIST” Orthopedic Resin in our 
new product—the ZOROC* Resin-Plaster Bandage. 


Extensive clinical studies in the departments of orthopedic surgery of outstanding 
teaching hospitals in this country have clearly shown that casts made from ZOROC 
Resin-Plaster Bandages are markedly superior to ordinary plaster casts in strength, 
durability and resistance to water and urine erosion. 


These studies indicate that, with ZOROC Bandages, cast-weight and thickness can 
be reduced by as much as 50%, depending upon the particular type of cast and 
the degree of stress to which it may be subjected. 


Application-time is correspondingly shortened; the marked reduction in cast-weight 
enhances patient-comfort; and the reduction in thickness materially reduces inter- 
ference with X-ray penetration. 


ZOROC casts are unaffected by water, remain strong and durable even when con- 
stantly exposed to urine in the case of children or incontinent patients, and may be 
scrubbed to keep them clean. 


All of the advantages inherent in the use of synthetic resins to reinforce plaster of Paris 
have been incorporated in the ZOROC Bandage—while the disadvantages previ- 
ously encountered in the mixing and disposal of resin solutions have been eliminated. 


ZOROC Resin-Plaster Bandages are available now, in three sizes, through your dealer 
or our representative, who will be glad to supply further information and prices. 


*ZOROC and “SPECIALIST” are registered trade-marks of Johnson & Johnson 
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TONIC. 
of wide application 


Provides the multiple requirements for effective treatment of 
nonspecific asthenia. 


The combined therapy is designed to increase appetite and 
improve the blood picture. Better digestion and improved anabolism 
are part of the corrective process. 


Livitamin is designed to treat the entire syndrome 


BRISTOL, TENNESSEE WITH 
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Would you let another Doctor 
use this needle on you? 


Only when you see the needle come 
out of an autoclave would you give 
a positive yes. 

You are cautious because you’ve 
seen the literature from Boston, New 
York, Rome, and Germany' that tells 
of cross-infection by improperly steri- 
lized needles. 

Unlike boiling, which only gets the 
easy ones, Speed-Clave sterilization 
kills spore-bearing bacilli; helps pre- 


vent the spread of infectious hepatitis 
... gives your practice sure protec- 
tion against cross-infection. 

And it’s priced so you can afford it 
... only $208? for Castle’s new “777” 
Speed-Clave! 

This office autoclave is fully auto- 
matic, fast, compact and lightweight. 
Phone your Castle dealer for a demon- 
stration . . . or write direct. 


1 Bibliography on request 
2 and upwards to $211 according to zone 


LIGHTS AND STERILIZERS 
WILMOT CASTLE CO., 1149 UNIVERSITY AVE., ROCHESTER 7, N. Y. 
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WANGENSTEEN 


GASTRO-INTESTINAL INSTRUMENTS 


STAINLESS STEEL...AMERICAN MADE 


220-370 220-375 


220-380 


Designed by OWEN H. WANGENSTEEN, M.D. 
Chief, Department of Surgery 
University of Minnesota 


Minneapolis, 


220-395 220-390 


Minnesota 


Representing another forward step in progressive service to the profession, 
these Wangensteen gastro-intestinal instruments are truly BETTER 
INSTRUMENTS FOR MODERN SURGERY. 

No. 220-300. Gastric Crushing Clamp “A” 


with resection ledge, width of jaws 11 cm, 
total length 11 inches. 


No. 220-305. Gastric Crushing Clamp “B” 
width of jaws 11 cm, total length 11 inches. 


No. 220-315. Block Clamp for grasping tis- 
sue on the line of resection for anastomosis, 
width of jaws 6 cm, total length 7 inches, box 
lock. 


No. 220-390. Dissector and Ligature Carrier, 
length 9%, inches. 


No. 220-395. Suture Forceps, for use with 
very fine sutures, length 9 inches. 


No. 220-370. Needle Holder, length 10% 
inches, box lock. 

No. 220-375. Needle Holder, for very fine 
needles, length 10% inches, box lock. 

No, 220-380. Patent Ductus Clamp, length 
11 inches, box lock. 

No. 220-385. Dissecting Forceps, curved, 
length 9% inches, box lock. 

No. 220-330. Anastomosis Clamps, set of two, 
complete with three ferrules and locking de- 
vice, jaws 10 cm. total length 11% inches. 


Also: No. 220-320, Ligature Carrier, length 


12 inches and No, 220-325, Tissue Inverter 
(neither illustrated), 


Sklar products available through accredited Surgical Supply Distributors 


LONG ISLAND CITY, N. Y. 


CAUTION! If the 
name SKLAR is not 
stamped on the in- 
strument, it is not a 
genuine Sklar Product. 
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Available in a large variety of 
sizes and forms, including: 
Surgical sponges 

Compressed surgical sponges 
Dental packs 

Gynecologic packs 

Nasal packs 

Prostatectomy cones 

Tumor diagnosis kit 


The Upjohn C 


pany, Kal Michigan 


Upjohn 
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hemostat: 


Gelfoame 


Trademark Keg. U.S. Pat. Off. BRAND OF ABSORBABLE GELATIN SPONGE 
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all the patients who represent 


the 44 uses for short-acting NEMBUTAL 


@ As a sedative or hypnotic in more than 44 clinical 


mts conditions, short-acting NEMBUTAL has established a 24-year- | ; 

oy. old record for acceptance and effectiveness. Here’s why: o 

1. Short-acting NEMBUTAL (Pentobarbital, Abbott) can 
try the 50-mg. M . produce any desired degree of cerebral depression—from 


(%-gr.) NEMBUTAL 
Sodium capsule. 


mild sedation to deep hypnosis. 


2. The dosage required is small—only about one-half that 
of many other barbiturates. 


} ee ts 3. There’s less drug to be inactivated, shorter duration of 
try the 0.1-Gm. effect, wide margin of safety and little tendency toward 
ium capsule. 


4.In oral doses, no other barbiturate combines 
quicker, briefer, more profound effect. 


Any wonder, then, that the use of short-acting NEMBUTAL q 
continues to grow each year. How many of 
short-acting NEMBUTAL’s 44 uses have you tried? 
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Right Angled Bowel Clamp 
Easily handled in deep recesses of the abdomen and pelvis, 
the Fehland Clamp is quite helpful in areas where space is 
limited and the bowel cannot be mobilized sufficiently, or is 
too short, to be brought to the surface for anastomosis. The 
clamp is usually applied with rubber tubing over the jaws, 
although tubing need not be used on the side not being anasto- 
: mosed. The blades provide enough tension so that, with ordi- 
: nary care, the bowel does not slip out; circulation is not im- 
paired, as evidenced by bleeding when the clamp is removed. 
Long handles permit the assistant to bring the clamps into 
apposition, yet allow the surgeon ample room for making the 
anastomosis. Stainless. Each, $22.50 
: For the oblique, aseptic, end-to-end 
A nastomosis Clamp ® ileac in management 
of small intestinal obstruction compli- 
3 cated by the presence of nonviable 
bowel, either from strangulation or 
os other cause, the Dennis Clamp is espe- 
4 cially useful. Its short (5.6 cm.) jaws 
; have less springiness to crush the tissue 
: at their tips than others; therefore, the 
clamps may be more easily removed 
during the anastomosis. The narrow 
jaws taper gradually to a 4 mm. width 
at the base, and have deep, sharp, 
matching longitudinal grooves. The 
clamp is 20.8 cm. in length, box lock, 
stainless steel. (The procedure is illus- 
trated in detail in Armamentarium No. 
5, sent free on request.) Each, $17.50 
Set of two, $35.00 
Order Direct From 
: Instrument Makers To The Profession Since 1895 
7 330 SOUTH HONORE STREET CHICAGO 12, ILLINOIS 
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to support the healthy... 


a vitamin-mineral formulation 


of 21 balanced factors, 
supplementing the depleted diet 


each capsule of View / contains: 


500 U.S.P. Units 
Thiamine Hydrochloride ........................ 3 mg. : 
3 mg. 
Pyridoxine Hydrochloride .................... 0.5 mg. J 
Calcium Pantothenate .......0.0000000.0...0..... 5 mg. 
Mixed Tocopherols (Type IV) .............. 5 mg. 


high-potency capsules 
specifically designed to 
meet increased nutritional 
needs during illness 


each capsule of 


contains: 

Vitessin 25,000 U.S.P. Units 
Vitamin BD. 1,000 U.S.P. Units 
Thiamine Mononitrate ...................-....... 10 mg. 


Magnesium 6 mg. 
Moigbdenum 0.2 mg. 
Phoephorus 80 mg. 


J. B. ROERIG AND COMPANY 
Chicago 11, Illinois 


to fortify the sick a 
| 
| Cobalt. Ol mg. 
Potassi 5 mg. Cobalt 0.1 mg. 
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Levo-Dromoran Tartrate 'Roche' 

eee & new form of synthetic narcotic... 
less likely to produce constipation or 
“nausea than morphine... usually longer 
acting than morphine... especially for 


intractable pain, Levo-Dromoran®-- 


brand of levorphan, 
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Gantrisin ‘Roche’ is especially | 
soluble at the pH of the kidneys. a} 
That's why it is so well tolerated... iy 
é does not cause renal blocking... does 1 
| 
not require alkalies. Produces high — 4 
plasma as well as high urine levels, ih 
Over 150 references to Gantrisin®in | 
: recent literature. i 
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® 
Dermalon monofilament nylon is available on D F R Mi AL () Ni 
ATRAUMATIC needles shown above. Pliability 


improved if nurse moistens DERMALON be- 
fore passing to surgeon. 


The patient often judges the skill of 
the surgeon by the degree of scarring. 
There is minimal scarring with 
DERMALON monofilament nylon suture 
A with arraumatic® needle attached— 
E. 3 4 for example, D & G's ce-4 (% circle 
eS Be cutting edge). This was developed by 
After crushing phrenic nerve, the skin is closed Davis & Geck h F olasti 
with continuous subcuticular suture of ty avis eck at the request of plastic 
DERMALON monofilament nylon on CE-4 i i 
ATRAUMATIC needle, (D & G Product 1682.) er It is oes % idely used for 
pea ee many types of skin closures in major 


i 


Notice neat approximation of skin edges ob- 
tained with ATRAUMATIC needle. Needles are 


always new and sharp. No double strand to 
pull through tissues. 


On the sixth postoperative day, suture is with- 30 days later—hardly a trace of scar, because 
drawn. Product 1682, of exceptionally smooth of surgeon’s delicate handling of tissues and 
DERMALON, is very easy to remove, minimal reaction to DERMALON suture and 
ATRAUMATIC needle, 


Davis & GHeck inc. 


a unit of American Cyanamid Company Danbury, Connecticut 
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instruments for 
cardiac surgery 


GIANNINI-CONKLIN COMMISSUROTOMY KNIFE 


Th 2313 
These new instruments are Incision of both commissures without changing 
knives or turning the hand—less danger of 
examples of the well-known tearing the auricle. Toughest commissures cut 


with minimum sticking or tearing of tissue. 


ee 99° 
Pilling excellence. Such “feel JAMISON CARDIAC NEEDLE HOLDER 


could be achieved only by Th 2152 straight, Th 2153 curved 
Long, slender, delicately balanced, yet un- 
master craftsmen. Always made — usually sturdy in construction. Permits maxi- 
mum visibility. Holds needle securely under 
to the designer’s original and complete control—“‘finger-tip feeling”. 
instruments are often copied Long, non-crushing mgr Handle angled 80 
that forceps lie outside thoracic cavity, out of 
but never duplicated. surgeon’s way. Light weight. Also useful in 
mitral commissurotomy and portacaval 
anastomoses. 


PILLING SPECIALIZED INSTRUMENTS CAN BE OBTAINED ONLY FROM PILLING—ORDER DIRECT 


GEORGE P. F™aitieng & SON CO. 


3451 WALNUT STREET PHILADELPHIA 
HEADQUARTERS FOR INSTRUMENTS FOR THORACIC SURGERY 
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Phospho-Soda 


A laxative of choice for half-a-century 


GENTLE 


THOROUGH 


Purgative: 4 teaspoonfuls or more before breakfast. 


Aperient or Mild Laxative: 2 teaspoonfuls before breakfast or, if indicated, 
before other meals. 


Administer in one-half glass of water, followed by second glass. 


Phospho-Soda (Fleet) is a solution containing in each 100 cc. sodium biphosphate 
48 Gm. and sodium phosphate 18 Gm. 


C. B. Fleet Co., Inc. * Lynchburg, Virginia 
‘Phospho-Soda’ and ‘Fleet’ are registered trademarks of C. B. Fleet Co., Inc. 


Also Gentle...Prompt... Thorough 
THE FLEET ENEMA 


in the “squeeze bottle” disposable unit 
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_ from broad capillary bed... 
‘Adrenosem (a —semicarbazone sodium li e), 
administered. orally or parenteral a 
_ It will not raise blood .pressure mor affect cardiac 
rate or volume. It does not affect blood compon, 
Adrenosem has such a high index of therapeutic 
Safety that there are no. contraindications ‘inv the 
= ue as a hemostat in surgery 
— gute yond 


needed 
for complete 
anemia 


contains: 

Ferrous Sulfate U.S.P. 4.5 gr. 

0.33 mg. 

50 mg. 
5,000 U.S.P. Units 
500 U.S.P. Units 
4 Thiamine Hydrochloride...................... 2 mg. 
— a vitamin-mineral Pyridoxine Hydrochloride.................. - 0.1 mg. 
de formulation Calcium Pantothenate........................ 0.33 mg. 

0.1 mg. 

rich in 1ron, SES ae 0.2 mg. 
Calcium ....... 37.4 mg. 

and folic acid 1.7 mg. 
3 0.4 mg. 
e With other B-Complex Factors from Liver. 
AND COMPANY, Chicago 11, Illinois 
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no fuss 
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aselin 


TRADE-MARK® 


always sterile, 
always ready for 
“1001” surgical uses... 


Outstandingly successful for burns and abrasions, these 
sterile-packed, ready-made dressings have countless 
other uses in surgery. Particularly indicated for: 
WOUND COVERING, os for traumatic injuries and after 


surgery ...to protect from irritation and contamination, 
to avoid adherence. 


PACKING, as in abscess cavity...to permit healing from the 
bottom, to meet aseptic precautions. 


PLUG, as after hemorrhoidectomy ...to help control bleeding 
without sticking and subsequent tearing. 


DRAIN, as for septic wounds... to avoid maceration, pressure 
necrosis and erosion. 


Available in three sizes: 


No. 1—3” x 36” (6 in carton) 
No. 2—3” x 18” (12 in carton) 
No. 3—6” x 36” (6 in carton) 


Obtain from your regular source of supply . . . insist on the 
ready-to-use, dependably sterile dressings in the foil-envelopes. 


CHESEBROUGH MFG. CO., CONS’D 
Professional Products Division * NEW YORK 4, N. Y. 


VASELINE is the registered trade-mark of the 
Chesebrough Mfg. Co., Cons’d 
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Any way you look at it... performance-proved 


B-P RIB-BACK SURGICAL BLADES contribute 
to the certainty of the surgeon’s touch, as they 
provide him with dependable, uniformly sharp 
and enduring cutting edges. 


B-P RIB-BACK SURGICAL BLADES are the 
result of meticulous care and fine craftsmanship 
in every detail of production. 


The ECONOMY in the purchase of B-P RIB- 
BACK SURGICAL BLADES is proved by their 
performance! 


Ask your dealer 


BARD-PARKER COMPANY, INC. 
Danbury ° Connecticut 


And Rib-Backs packaged 
in the new RACK-PACK 
provide further economies 
in time and labor for the 
O. R. Personnel. Blades 
from RACK-PACK to 
sterilizer in a matter of 
seconds, 
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choice parenteral multivitamin 


for the surgical patient 


PANCEBRIN 


(Multiple Vitamins, Injectable, Lilly) 


ready to use for intramuscular 
injection; may also be added to dextrose 
or saline intravenous infusions 


FORMULA 


EACH 2 CC. CONTAIN: 


Pantothenic Acid (as Sodium Pantothenate).......... 3 meg. 
20 mg. 
60 mg. 


IN 2-CC. AND 10-CC. AMPOULES 
DOSE 


2 cc. daily, continued as long as needed. 


ELI LILLY AND COMPANY, INDIANAPOLIS 6, INDIANA, U. S.A. 
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The American Journal of Surgery 


A PRACTICAL JOURNAL BUILT ON MERIT 


sixty-third year of publication 


MARCH 1954 


NUMBER THREE 


Presidential Address 
PROGRESS IN TRAUMA TEACHING 
Martin C. Linpem, M.p., Salt Lake City, Utah 


I WANT to thank you for the great privilege 
of serving as your President for the past 
year. It is an enviable position though not all 
glory. To the fellow Officers and Council of this 
Association, past and present, I offer on your 
behalf a tribute of appreciation. These gentle- 
men are leaders, idealists, teachers and hu- 
manitarians, devoting unselfish efforts to make 
practical and workable principles now becom- 
ing more clearly defined in teaching and per- 
forming trauma surgery. The membership in 
general and the guests may have the impression 
that the Board of Managers is chosen to sit 
on the elevated level at the Annual Banquet 
en groupe and explode with spontaneous witti- 
cism when called upon to do so by the Toast- 
master; also, perhaps, they are the inflexibles 
who fail to approve the membership applica- 
tions you may have so fondly fostered for a 
friend. Someone has to sift the complaints and 
be bounced around. From all of us, we thank 
you, Board of Managers. 

A most valuable booklet has been mailed to 
the membership. It contains the revised Consti- 
tution and By-Laws; also a complete roster of 
the membership to date. I want to call your 
attention in particular to pages on which are 
reprinted three speeches depicting the organi- 
zational aims and objectives of the Association 
as envisioned by the Founder’s Group in 1938. 

Reciting the origin, through years of round 
table discussions and experience of various 
surgeons, Doctor Carothers spoke of the idea 
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arising from a need of special training in trauma 
and hospital care of injuries, as observed by 
American surgeons who treated war wounds 
during World War 1 and those at home who 
saw the general disinterest in surgery of injury 
by most surgeons who were called upon to care 
for industrial and railroad accidents and those 
occurring in the home. Doctor Gilcreest put 
into parliamentary words the get-together of 
the Founders. Doctor Speed spoke at the first 
annual meeting of the Association of the need 
to train surgeons in the technic of traumatic 
surgery by the elevation of standards of gradu- 
ate instruction in residency, apprenticeship and 
postgraduate work. He prophesied that it 
would be necessary for doctor-professional 
staffs of the hospitals to control and improve 
the quality of trauma care the patient receives 
in each hospital, and he proposed as an objec- 
tive some form of certification for the qualified 
trauma surgeon. 

A brief review of accomplishments and a 
more precise definition of our field of endeavor 
may be in order since The American Associ- 
ation for the Surgery of Trauma has come of 
age in these fifteen years. It has indeed, though 
youthful, attained maturity in tradition and 
prestige. It has professional status equal to 
that of any of the leading surgical organiza- 
tions. The continental distribution of our 
membership imposes a particular responsibility 
on each individual member to foster, teach and 
carry out trauma care in conformity with the 
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leadership assumed by the Association. A large 
measure of success has been achieved. Indeed, 
the rolling stone set in motion by the Founder’s 
Group is gaining speed but nevertheless gather- 
ing a little moss. 

It would be folly to say that our Association 
has moved alone toward accomplishing the 
objectives in trauma care so eloquently, so 
concisely but so broadly outlined by Doctor 
Speed in the first Presidential Address. Our 
membership is closely interlaced with teaching 
groups such as the Trauma Committee of the 
American College of Surgeons, leaders in the 
Armed Services and individuals serving indus- 
trial plants and transportation. Among these 
groups are scattered our members, who from 
ferments of origin in our group projected the 
programs and principles we sponsor. It is un- 
fortunate that in medical schools teaching the 
care of trauma is almost completely subjugated 
because of the overabundance of teaching ma- 
terial available in the dispensary and hospital, 
consisting mainly of surgical diseases, tumors 
and infections in both general and specialty 
surgery, and most surgical faculties have failed 
to realize that trauma care (that is the knowl- 
edge of wounds) is inherent and basic in all 
surgical principles and technics. Nor are the 
realistic facts of rehabilitation emphasized in 
medical schools or residencies. Thus there is an 
almost illimitable sphere in which to extend 
our influence in better trauma care. 

The certification of surgeons qualified to 
treat injured people will soon be realized, as 
you will hear through proper channels. Most 
certainly you will approve that the American 
Board of Surgery assume the responsibility of 
the issuance of certificates to candidates who 
have credentials and exhibit practical and ade- 
quate training and proficiency in trauma care. 
It is proposed that candidates first have earned 
the qualifications of the American Board of 
Surgery or its equivalent. It seems logical that 
this basic Board, the American Board of 
Surgery, should qualify all surgeons in surgical 
principles and practice before they are entitled 
to receive certification by a specialty surgery 
board. Our Association has been instrumental 
in both sponsorship and initiation of the 
specialty of trauma qualification; we also in- 
tend that The American Association for the 
Surgery of Trauma guarantee that quality and 
actuality be the basis of evaluation. 

The multiplicity of specialty boards has 
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created in some instances the illusion that being 
able to display board certificates in itself 
signifies proficiency. In a way it has developed 
into a situation illustrated in Gilbert and 
Sullivan’s “‘Gondoliers,”” where equality and 
rank were achieved by granting titles to 
everyone. 


“The Lord High Bishop Orthodox 
Ranking with the Lord High Coachman on 
the Box.” 


Relating to our ranks it would read: 


“They and all shall Boardmen be, 
The Lord High Board of Gyne-C, 
The Lord High Board of Ortho-P, 
The Lord High Board of Belly-He; 
They all shall Boardmen be.” 


The belief is prevalent that any board mem- 
bership is evidence of technical proficiency and 
experience. It is enhanced by the nonsensical 
idea that merely having the certificate or degree 
is proficiency. Furthermore, most residency 
programs and medical school faculties have 
made the attainment of board certification the 
objective and have lost track of the necessity of 
qualifying. the doctor first. It is high time to 
declare in this regard what Emerson said was 
the scholar’s duty to declare: ““A popgun is a 
popgun though the ancient and honorable of 
the earth affirm it to be “‘The Crack of Doom.” 
It is because of this underlying idea that the 
principles as taught in general surgery should 
be primary before undertaking any regional or 
special surgical training that our Association 
has designated the American Board of Surgery 
to extend evaluation of trauma skill and issue 
the proposed certificate. 

In developing a training program to date, as 
outlined by Doctor Speed, the “‘mechanics of 
production” in the postmedical school area of 
instruction has been largely achieved. There 
has come into being a vast and numerically 
adequate system of surgical residency in teach- 
ing and private hospitals and there are capa- 
bilities in their attending staffs. There are 
1,388 approved general surgical residencies 
available in the continental hospitals with 
approximately 4,000 men in training in general 
surgery, according to Doctor Gilcrist. How- 
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ever, as far as I know there are no strict trauma 
residencies, nor has our Association sponsored 
the teaching of any general principles in 
trauma. The abundance of standardized pro- 
grams may raise this question: Has the teaching 
to make technical experts created an assembly 
line production of surgeons and superseded 
apprentice training wherein the trainee would 
receive the art, the underlying principles, 
the ethics of the profession in the general 
sense? 

Medical schools and hospital staffs conduct 
and participate in postgraduate courses in 
trauma care. The best of talent is utilized in 
these programs and innumerable technical 
papers and pamphlets written by eminently 
capable persons are published and freely circu- 
lated. Take for example the prodigious output 
of the trauma section of the American College 
of Surgeons. Excellent as is this teaching ma- 
terial for technics, there is still lacking a basic 
principle of coordination about which all tech- 
nics and empirics hinge. I am going to suggest 
that our Association enter more actively the 
pedagogic field in the training of our young 
surgeons. The annual programs we have pre- 
sented have stressed technical descriptions and 
methods of surgery. The skill in technic has 
developed into an almost fearless attack upon 
any tissue or organ of the body. How the 
surgeon arrived at his skill is rarely mentioned. 
The subjective response of the patient is ig- 
nored. The facts known about wound healing, 
the physiologic responses to injury, the natural 
defenses of the body to foreign biogenesis— 
these and a multitude of underlying facts are 
expected to be remembered and their signifi- 
cance observed from the meager teaching in 
early medical school. In this regard I think our 
programs and literature have become an 
assembly line procedure of teaching young 
surgeons how to perform an operation and 
nothing else. The emphasis and follow-up in 
trauma principles are certainly lacking. 

Now, in regard to better accomplishment of 
trauma care in the hospital, our personal ex- 
perience shows, as has Doctor Curry’s report, 
that in a cross section of the hospitals of the 
United States very little has been done to this 
date to narrow the hiatus between know-how 
and do-how as practiced in the admitting and 
emergency rooms where injury cases are 
handled by the majority of surgeons in these 
hospitals. 
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In the hospitals associated with a medical 
school, that is, the full time faculty-attended 
hospitals, the trauma patient is generally un- 
wanted on general surgery service. The head 
of the department of general surgery has let 
the abstraction of being concerned chiefly with 
major technical operations and research ob- 
scure the function of general surgery to super- 
vise and teach the principled care of wounds 
and their systemic effects. He does not call the 
specialty service to perform its special function 
but hands over the whole job. 

In private hospitals, generally, the trauma 
patient is subject to pirates’ seizure by the 
attending staff, and a program beyond this has 
scarcely deviated from that of the medical 
school hospitals. 

To sum up our present situation as measured 
by the intentions of the Founder’s Group in 
1938: We have a “‘stashed-up” model in 
trauma education, with practice of frills, per- 
sonal designs and opinions instead of a power 
vehicle of principles to which all surgery and 
its subspecialties can attach. I think to obtain 
a new departure we can sustain every sentence 
in Doctor Speed’s Presidential Address, but the 
Association needs now to function in trauma 
care more specifically. This, I suggest, should 
begin as a clearly formulated statement of the 
principles of treatment of traumatic wounds, 
systemic and local; also of principles that per- 
tain to first aid care in an emergency room 
together with the tools required. Such a code 
of principles should be the outcome of an 
appropriate committee appointed by the Asso- 
ciation. It should be put in pamphlet form and 
be made available to every medical student, 
interne and resident and be a primer in the 
teaching of surgery. 

As a reference for the ubiquity of traumatic 
wounds of human tissue, I will repeat a part 
of Doctor Metz’ address last year. There are 
three broad categories of wounds: First, those 
that occur in the environment of our modern 
mechanized society—the home and the farm, 
transportation on highways, rails and airways, 
disasters brought on by nature and those by 
man, such as bombing. The National Safety 
Council statistics are revealing and astounding, 
as indicated by Doctor Metz. Second are 
wounds that occur in combat—warfare itself, 
with wholesale acute and chronic injury of all 
varieties of tissue in the body. Third, wounds 
that are of our very own making. Every surgi- 
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cal operation is an experiment in trauma care. 
The incisional wound and the mechanical 
handling done by the surgeon are potentially 
embraced in all the principles of wound classifi- 
cation and treatment. Thus a simple incisional 
wound can become contused, infected and 
malposed in closure from unskillful handling. 
During the course of the operation blood loss, 
shock and infection may initiate all systemic 
implications that trauma causes. The very 
fiber of technical skill, character and humanity 
is disclosed in the manner a practicing phy- 
sician handles his surgically inflicted wounds. 
The physiology of wound healing should be as 
familiar in his thinking as the technic he 
pursues. 

Now, the fundamental concern of all sur- 
geons of trauma is the care of wounds. A con- 
sidered effort is urged on the part of our 
Association to formalize and distribute this 
information in a manner similar to the panel 
discussion appearing on this program on princi- 
ples of prophylaxis and treatment of tetanus 
and gas bacillus infections. 

As suggested by Doctor Gilcrist from this 
platform a short time ago, standardizing of 
nomenclature of hospital instruments and ma- 
teriel can produce efficiency and less lost 
motion; so I believe that standardizing and 
verbalizing our objectives for trauma can make 
better trauma surgeons out of our student 
material. 

The following outline is a pattern for stating 
these general principles. I propose that this 
Association assume the responsibility, through 
appropriate Committee work, to revise and in 
more extended form publish this very funda- 
mental information. 


GENERAL OR CONSTITUTIONAL IMPLICATIONS 
OF TRAUMATIC WOUNDS 


1. The process of healing of wounds 
u. The qualitative and “dynamics in time” 
of fluid and electrolyte balance 
i. Anesthesia is not a “rent away” responsi- 
bility but a function of the surgeon 
iv. Hypovolemia and hypervolemia, dynamics 
and biology 
v. Antitoxins and antibiotics 
vi. Availabilities and application of rehabili- 
tation procedures 
vii. Trauma surgeon abilities as philosopher 
and counselor 


GENERAL PRINCIPLES FOR THE TREATMENT 
OF WOUNDS 


1. Stop gross hemorrhage; prevent and treat 
shock 
1. Transfuse whole blood 
2. Lower head 
3. Maintain O: concentration in blood 
(oxygen) 
Il. pain 
. Anesthesia 
2. Opiates 
1. Prevent further introduction of infection 
1. Attention to careful removal of 
clothing, dirt and debris 
2. Washing with soap and water 
3. Chemical bactericides and sporicides 
iv. Follow carefully principles of débride- 
ment; due regard for vascular integrity 
v. Anatomic reposition of tissues in strata or 
layers with due regard for size and kind 
of sutures and needles; tension must not 
compromise vascularization, and su- 
ture material should not lean toward 
being a foreign body 
vi. Dressings and immobilization, splints and 
posture should have physiologic signifi- 
cance 
vii. Antibiotics, chemicals, sera, antitoxins 
should be given for selective effect, not 
as a safety panacea or a “‘shotgun”’ dose 
vil. Day by day self-criticism and constant 
attempt at improvement of knowledge 
and technic will bear fruit; call in help 
on special surgical problems 
ix. In these matters the surgeon is_ his 
brother’s keeper 


PROGRAM OF FIRST AID PROCEDURES FOR 
THE HOSPITAL EMERGENCY ROOM 


1. Ascertain the presence of shock and 
hemorrhage 
1. General inspection 
2. Feel or listen for pulse and heartbeat 
3. Be sure the respiratory passage is 

open 

u. If No. 1 is present, incline patient, head 
low, feet high (a patient does not die 
from blood lack if the vital centers of 
the brain are bathed in blood); stop 
gross hemorrhage by clamp, pressure or 
gravity 

1. Further, if No. 1 is present, rapidly insti- 
tute venoclysis by inserting No. 16 or 


I 


— 


310 


ae 
‘ 
: 
: 
f 
4 
re 


Presidential Address 


larger needle in vein, or cut down and 
tie in a venous cannula 

Blood should be rapidly infused: be free 
to use oxygen 

. Cut away clothing; do not further con- 
taminate open wounds nor further in- 
jure fractures of skeleton by unneces- 
sary motion 

Make immediate preparation by anes- 
thesia, opiates, transportation to oper- 
ating room for definitive treatment 

Call for help if befuddled or out of ex- 
perience range 

Rehearse the principles so that you will 
be on familiar ground 


IV. 


Vi. 


VIL. 


VIII. 


TOOLS OF THE EMERGENCY ROOM 


1. A substantial and padded table that can 
easily be put in head down (do not move 
patient from stretcher if near extremus) 

1. Sheets, coverings, heat—but latter is to be 
used with discretion 

ut. Tray of quickly administered opiates, 
stimulants, anesthetics 
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iv. All accessories for rapid institution of blood 
transfusion 

v. Well chosen instruments, sutures, gauze 
and bandages 

vi. Oxygen, blood, respirator, tracheotomy 
tools, intubation catheters 


Now, in conclusion, If any change is to come 
about in our trauma teaching it must also come 
from a change of attitude in our membership. 
Instead of presenting a pure technology in the 
program papers there must be sufficient funda- 
mental concepts to reorient and lend direction 
to our thinking and practice. Each member 
must assume this responsibility because it can- 
not be promulgated or enforced by any Pro- 
gram Committee or any Council you may 
choose. The attributes of individual leadership 
must include not only the power to perform but 
also the knowledge of how that power is to be 
used. I think that it is in this direction which 
we must move if we are to perform our function 
as leaders in this special field of trauma or else 
content ourselves to be just one more surgical 
organization. 
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Fractures in Childhood—A Statistical Analysis 


CLEMENT R. HANLON, M.p.* AND W. L. Estes, Jr., M.p., Bethlehem, Pennsylvania 


HE problem of childhood injuries and 

fatalities has received considerable atten- 
tion in recent years. Not only has special 
interest been shown by pediatricians, health 
organizations, insurance companies and com- 
munity safety groups, but childhood safety has 
been commented on editorially by the American 
Medical Association with articles and abstracts 
appearing from time to time in the journal 
considering different phases of the problem. 
Special exhibits shown at annual medical 
meetings have received close attention by pro- 
fession and public alike. The problem of child 
safety is one not only for the family but also 
for the entire community and may rightfully be 
considered a phase of public health education 
because childhood accidents affect the well- 
being of a community. It has been shown that 
accidents are the leading cause of death and an 
outstanding cause of permanent disability 
among children more than one year of age. An 
analysis of childhood injuries by various 
writers has shown that the two outstanding 
causes of accidents are unsafe conditions and 
unsafe practices. Surgeons implicated in the 
surgery of trauma should have special interest 
in this problem since they are the ones usually 
called upon for definitive treatment when the 
injury is of major importance. 

In a study carried out several years ago at 
St. Luke’s Hospital, Bethlehem, Pennsylvania, 
an attempt was made to establish the frequency 
of accidents in childhood. A three months’ 
survey of all injured children seen at this 
institution was reported in the Journal of 
Pediatrics. It was found in that study that 
566 children with injuries had come to the 
hospital in a three-month period and, on this 
basis, it was estimated that over 2,200 child- 
hood injuries were sustained in the city of 
Bethlehem each year. In that study seventy- 

* Deceased. 
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nine children were found to have sustained a 
fracture or dislocation (14 per cent). It was 
then believed that a study of fractures and 
dislocations at this institution might be of 
value and interest, especially in relationship to 
the larger subject of childhood injuries in 
general. Accordingly, records have been re- 
viewed in all children who were seen in a 
ten-year period—between February 1, 1941, 
until January 31, 1951—with a fracture or 
dislocation. The age period selected was from 
the time of birth to the eighteenth year. Most 
of these 698 patients have been private pa- 
tients. In all cases hospital and outpatient 
records have been reviewed and whenever 
possible the radiographs have been rechecked. 
Our follow-up has been 72.6 per cent. It would 
not have been so high except for the assistance 
of social service personnel, the local Visiting 
Nurses organization and nurses connected with 
the Pennsylvania Department of Health. We 
have been also indebted to many general 
practitioners who assisted us in obtaining 
follow-up examinations and x-ray studies. 

Our interest has been centered on the compli- 
cations which have occurred in the treatment 
of childhood fractures; in analyzing etiologic 
factors that may have been responsible for the 
fracture; and in analyzing the scope of child- 
hood fractures. The ultimate aim in this study 
was to improve end results. A large literature 
on the subject of childhood fractures has been 
reviewed. Contributions of a few writers seemed 
of particular note, especially the writings of 
Blount, Speed, Aitken, Green, Fahey, Dunlap, 
Breck and Carrell. 

In the 698 patients studied, the fracture 
occurred in the upper extremity in 457 in- 
stances (65.5 per cent) and in the lower ex- 
tremity in 220 patients (31.5 per cent). The 
other twenty-one fractures involved bones of 
the trunk or skull (3 per cent). There were 
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nineteen dislocations in the group (2.7 per 
cent). A comparison of our findings with an 
earlier study by Beekman and Sullivan! of the 
Children’s Surgical Service at the Bellevue 
Hospital might be of interest. Table 1. 


The radius, either alone or in combination 


TABLE | 
COMPARISON OF TWO STUDIES 
Beekman 
Present 
and 
Sullivan | S¢ries 
@f 10 years | years 
Fractures in upper extremity:...| 75% 65.5% 
Bones most often fractured: 
28.5% 
14% 
14.4% 


with the ulna, is the bone most often fractured 
in children. Table 1 shows a parallel in the 
order of frequency of bones fractured in these 
two reports with the exception of the clavicle, 
this bone being fractured twice as often in our 
series as in the Bellevue study. Also to be noted 
in Table 1 is the fact that 97.1 per cent of all 
the pat:ents studied by Beekman and Sullivan 
had fractures in one of the five main tubular 
bones; whereas in our series only 77.9 per cent 
of all fractures were in these bones. The re- 
mainder of our cases were distributed in bones 
of the hand (fifty-one cases, 7.3 per cent), the 
tarsus and foot (thirty-nine cases, 5.6 per cent) 
and bones of the trunk and skull. 

Side Involved. Fractures are commoner on 
the left side in the upper extremity (57.5 per 
cent) and on the right side in the lower ex- 
tremity (56.6 per cent). 

Etiologic Background. No attempt was made 
in this study to analyze the emotional and 
psychic factors which may play a part in child- 
hood injuries, especially i in fractures. Person- 
ality maladjustments in childhood, impaired 
vision or hearing and other factors which may 
play a part in accidents, especially in repeated 
injuries, were considered beyond the scope of 
this paper. 

Age. More fractures were found between 
the ages of eleven and twelve years than at any 
other time. Fractures were least commonly seen 


between the first and second years of life. There 
were thirteen fractures under one year of age, 
ten of these being birth fractures. A significant 
finding observed was the scarcity of fractures 


in girls during the fifteenth and sixteenth years 
of life. 


TABLE 1 
SCENE OF THE INJURY 
No. | Percent 
120 17.2 
Playground.......................| 106 15.2 
Backyard or vacant lot............ 40 5.7 
34 4.9 
16 2.3 
Country road or lane.............. 9 1.4 
5 0.7 
College 5 0.7 
*Miscellaneous.................... 30 4.3 


* Includes public building, riding academy, country 
club, dance hall, place of employment, store, etc. 


Sex. As would be anticipated, fractures 
were commoner in males (4501 patients, 71.8 
per cent). This ratio of 3:1 was found fairly 
constant in a breakdown of fractures in various 
groups. 

Scene of the Injury. More fractures occurred 
in the home (21.3 per cent) than at any other 
location. The city street and the playground 
were the next common places for a fracture to 
have been sustained. (Table 11.) 

Exciting Causes. Broadly speaking, an 
analysis of the mechanism of the injury showed 
that participation in sports was more responsi- 
ble for a fracture than any other cause. There 
were 216 patients (30.9 per cent) who sustained 
a fracture in one of the sports outlined in 
Table 111. Football injuries resulted in the 
largest number of such fractures. There were 
180 cases in which the fracture resulted from a 
fall (25.6 per cent). Fractures resulting from a 
vehicle accident were recorded in ninety pa- 
tients (12.9 per cent) and of this number forty- 
three patients were struck by a car or truck. 
Motor vehicle injuries are stated to outrank 
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every other cause of fatal injury, accounting 
for more than one-third of the total among 
fatalities reported in a five-year period from 
1947 to 1951, but our findings indicate that 
motor vehicle accidents are not a leading cause 
of fractures in childhood. As will be indicated 


TABLE 11 
MECHANISM OF THE INJURY 
No. | Total | Percent 

Vehicle injuries: go 12.9 

43 

3 | 

2 

mus or o 
Sports: 216 30.9 

| 

13 

Roller skating............| 12 

Pole vaulting............ 4 

3 

Falls: 180 | 25.8 

From a height............ 45 

26 

From a crib or bed....... 14 | 

Other furniture...........| 18 

On sidewalk............. 9 

From a horse............ 7 

From a hayloft........... 2 
Playground injuries............... 31 4-4 
10 | 1.4 
Gunshot accidents................. 2 | 0.3 
84 12.0 

698 


in a later table, automobile accidents are often 
more serious. No patient in this series received 
a fracture as the result of being struck by a bus 
or trolley car. Also of interest was the fact that 
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no fracture was reported in wringer injuries 
although such injuries are commonly seen at 
our institution. It is also noteworthy that no 
child with cerebral palsy was seen with a frac- 
ture in this ten-year period. 

We wish to outline some problems in man- 
agement after the fracture patient is seen. We 
have analyzed our records to show how often 
reduction is required in fractures, what anes- 
thetics are employed and whether there have 
been associated injuries. When reduction is 
carried out, how often hospitalization is re- 
quired has been studied. How many fractures 
were compounded, associated with nerve in- 
juries or related to epiphyseal centers have 
been investigated. 

Generally speaking, almost two of every 
three patients had the fracture reduced and 
sent home for further management as out- 
patients. Only 31.1 per cent of these children 
were hospitalized. The duration of hospital 
stay varied from one day (in eighteen patients) 
to 1,797 days in one patient who became a 
paraplegic after a fracture-dislocation of the 
cervical spine following a sandlot football in- 
jury. There were five patients hospitalized 
over 100 days. 

Time of Reduction. In approximately one- 
half of these children reduction was carried out 
the day of injury. In 73 per cent the reduction 
had been carried out by the end of the second 
day. It will be appreciated that in many in- 
stances the patient did not present himself for 
treatment for one or more days after the injury. 

Reduction Required. In almost one-half of 
these children no manipulative reduction was 
required. In forty-nine patients (7 per cent) 
more than one attempt at reduction was 
needed. In fifty-two patients (7.4 per cent) an 
open reduction was performed, in twenty-four 
patients as a primary procedure and in twenty- 
eight instances after a failure in closed reduc- 
tion. Certain fractures will always require open 
reduction and we have found out that except 
for these, which will be tabulated later, we 
have become much more conservative in carry- 
ing out open procedures. Experience will show 
that even poorly apposed fractures will heal 
readily without the dangers of complications 
when closed methods are employed. Table tv 
indicates the bone oftenest operated upon, the 
humerus and radius being surgically exposed 
in one-half of all cases, and these chiefly for 
fractures about the elbow. 
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Anesthesia. Whenever possible local anes- 
thesia has been used in childhood fracture 
treatment. In 44.3 per cent of these children 
no anesthetic was required. In 237 patients 
(33.9 per cent of the entire group or 60.9 per 
cent of these requiring an anesthetic), 2 per 


TABLE Iv 
REDUCTION REQUIRED 
Cases requiring reduction.............. 346 (49.0%) 
Cases not requiring reduction........... 348 (49.5%) 


Open Reduction Required 
Yes—52 (7.4%) 
28 After failure of closed reduction 
24 Primarily 
No —646 (92.6%) 
Instances in Which More than One Reduction Was 


4 ( 0.6%) 


Required 
Bones involved: 
11 
Radius... . 6 
1 
I 
Number of reductions: 
Three 5 
Four 2 


Total number of cases requiring more than 


cent procaine hydrochloride was infiltrated 
into the fracture hematoma. In thirty-four 
patients it was necessary to supplement local 
anesthesia with an inhalation anesthetic; but 
in recent years with acquired experience, it 
has been exceptional to use other than local 
anesthesia except in open reductions. In the 
107 patients who were given a general anes- 
thetic agent pentothal was employed in four- 
teen instances. In all of these cases a trained 
anesthesiologist was in attendance. We noted 
no untoward effects in its use, but prefer not to 
use pentothal for children. (Table v.) 

There are many advantages in the use of 
local anesthesia in treating fractures in chil- 
dren. Reduction can be scheduled to avoid 
waiting for an anesthetist. In many children 
hospitalization was not required because local 
anesthesia was employed We do not favor the 
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use of an inhalation anesthetic without admis- 
sion of the child to the hospital for at least 
overnight observation. This is especially true 
if weather is unfavorable and if the home is at 
a distance from the hospital. The fact that 
most of these children reduced under local 


TABLE v 
ANESTHESIA 

No. | Percent 
No anesthesia.................... 309 44.3 
Local anesthesia.................. 237 33.9 
General anesthesia................ 107 15.3 
Local and general anesthesia........ 34 4.9 

698 


anesthesia were permitted to go home aided 
the hospital situation where beds have been at 
a premium for some time. 

If certain prerequisites are followed, little 
difficulty is usually encountered in obtaining 
satisfactory anesthesia with procaine hydro- 
chloride. The parents are excluded from the 
room. If a first-aid splint has been applied, this 
is released only sufficiently to permit access to 
the fracture area. An accurate estimate of the 
location of the fracture site from the nearest 
anatomic landmark is made; and after the skin 
wheal has been obtained with a small needle, a 
No. 20-gauge needle is usually employed to 
enter directly into the fracture hematoma. 
Obviously, a hematoma must be entered for 
diffusion of the anesthetic agent in order to 
obtain complete anesthesia. It is also necessary 
to infiltrate more than one hematoma if there 
is more than one fracture. Often at the wrist 
and ankle an infiltration of the ligaments on 
the opposite side of the fracture must be car- 
ried out to obtain sufficient relaxation and 
anesthesia to permit manipulation. Even 
though the child may cry with fear and pain, 
it is not usual for the fractured extremity to 
be pulled away in infiltrating the hematoma in 
most cases. 

It has been our experience that the children 
themselves are grateful in being able to avoid 
an inhalation anesthetic; and in those cases in 
which a second injury occurred, the patients 
themselves usually asked for “‘the needle.” If 
immediate post-reduction films are obtained to 
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confirm position, it is still possible to use the 
same local anesthetic for a second manipulation 
within twenty to thirty minutes after the in- 
filtration. We have noted no unfavorable results 
after the use of local anesthesia in the treatment 
of fractures in children. 


TABLE vi 
ASSOCIATED INJURIES 
No. of patients with more than one injury—44 (6.3%) 
In 7 patients (0.1%), the associated injury —fracture 
of another bone 
In 8 patients (0.1%), the associated injury—concussion 
of the brain 
In 21 of these patients (47.7%) with multiple injuries, 
the child had been struck by an automobile 
Mechanism of multiple injuries: 


Struck by an automobile............... 21 
3 
Age of children with multiple injuries: 
Sex: 


Associated Injuries. There were forty-four 
children (6.4 per cent) in this series who sus- 
tained multiple injuries. In seven patients two 
bones were fractured; while in eight cases a 
concussion of the brain was the associated 
injury with the fracture. Multiple injuries 
were most often seen in children between three 
to six years of age and the automobile was 
responsible for about half of the patients in- 
cluded in this group. (Table v1.) Hospitalization 
was common, thirty-two of the forty-four 
children being admitted. 

Open Fractures. Eighteen of the 698 pa- 
tients had an open fracture (2.6 per cent) and 
over one-half of these resulted from either a 
vehicle accident or machinery injury. In no 
recorded instance did participation in sports 
result in an open fracture. Cases were equally 
divided between the upper and lower ex- 
tremities. (Table vu.) 

Nerve Injuries Associated with Fractures. 
Seventeen of these 698 patients had an asso- 
ciated nerve injury along with the fracture 
(2.4 per cent). Fractures of the bones of the 


upper extremity are more often associated with 
nerve injuries than those of the lower ex- 
tremities. The ulnar nerve was injured most 
often in this series. In four of the stx ulnar nerve 
injuries the syndrome consisted of a posterior 
dislocation of the elbow with incarceration of 


TABLE vil 
COMPOUND FRACTURES 
Sex: 
Age: Average was 11.3 years 
Mechanism of injury: 
Caught in machinery.................. 5 
Scene of accident: 
Bones involved 
Tibia and fibula. . 3 
Reduction required 
Hospitalized 


(242 days for the group, ranging from 2 to 58 days; 
average was 16.1 days) 


Anesthesia: 


the medial epicondyle in the elbow joint, the 
ulnar nerve having been pulled along in the 
reduction of the dislocation. In these patients 
an arthrotomy of the elbow was performed, the 
epicondyle removed and the nerve trans- 
planted anteriorly. 

In two patients, the nerve injury was asso- 
ciated with a birth fracture, the sciatic nerve 
in one case and the radial nerve in another. 

Fractures of the humerus were more often 
associated with nerve injuries than those of 
any other bone. The radial nerve was in- 
volved in five instances, the ulnar in four and 


ged F 
i 
be 
; 
| 
arts: 
» 
id 
ag 
a 
ik 
5 
+ 
‘ 3 16 & 


the median nerve in three cases. In two pa- 
tients the nerve involvement was transient in 
nature and the signs had subsided by the end 
of the first week; but in over one-half of the 
patients six to twelve months elapsed before 
a complete recovery was noted. In one patient 


TABLE VIII 
NERVE INJURIES WITH FRACTURE 
No. of patients:......... 17 (incidence: 2.4%) 

x: 

Age of patients: 

Under 1 year..:....... 3 

4 years of age......... I 

g and to years......... 2 

11 to 18 years......... 11 

Nerve involved: 

Radial 

3 

I 

2 

Nerve injury with birth 
2 patients 
Bone fracture: 

5 
4 
Median.......... 

Radius and ulna...... 2 

2 

Duration of nerve involvement: 

1 week or less......... 2 

1 to 3 months......... 0 

3to6months......... § 

6 to 12 months........ 9 

Results: 

Complete recovery..... 16 (1 with occasional tin- 

gling) 

I 

Follow-up: 


Average 4 years (from 3 months to 10 years) 
Treatment: 


* (4 of these were for displacement of the internal 
epicondyle into the elbow joint) 


tingling along the distribution of the injured 
nerve remained as a constant feature. The 
average follow-up in this group was four years. 
(Table vit.) Sixteen of these seventeen pa- 
tients had a complete recovery. 

Epipbyseal Injuries. There were 117 pa- 
tients who had a fracture involving an epiphy- 
sis. Our records show that epiphyseal injuries 
are commoner in males, more common between 
the eleventh to fifteenth years and much com- 
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moner in the upper extremities (72.7 per cent). 
Almost 60 per cent of these injuries were sus- 
tained either as the result of engaging in sports 
or in a fall from a height. There were forty-four 
patients having epiphyseal injuries in the lower 
humerus (about 25 per cent). The internal 
condyle and epicondyle were more often frac- 
tured than the external condyle and epicondyle 
(2:1). The anatomic distribution of epiphyseal 
injuries of the lower humerus was as follows: 
supracondylar, twenty-three; internal con- 
dyle, two; internal epicondyle, eleven; lateral 
condyle, five; lateral epicondyle, one and 
condylar, two. 

Injuries to the distal radial epiphysis were 
four times as common as to the radial head. 
Two interesting cases of fracture of the anterior 
superior spine of the ilium were noted, both 
occurring in track athletes. No fracture of the 
proximal fibular epiphysis was recorded and 
there was a paucity of injuries to the epiphyses 
of the digits. Forty-six per cent of all epiphyseal 
injuries were about the elbow joint (fifty-four 
cases). Our follow-up study in this group 
indicated that disability existed in sixteen of 
eighty-five patients contacted (18.8 per cent). 
In twelve of these patients the residual dis- 
ability was mild. In the patient with the 
poorest end result there had been a fracture 
of the lateral humeral condyle with a poor 
closed reduction. After seven years he was 
found to have a subluxation of the radial head 
with considerable restriction in flexion and 
extension of the elbow. He had no symptoms 
and was quite active in competitive sports. 
Further treatment was not considered neces- 
sary. Another case classed as a poor result 
was a young boy who had the radial head 
removed after it was found completely dis- 
placed at the time of operation. Two years later 
he had a valgus deformity of the elbow, but 
there was normal motion and no symptoms. 
No wrist disturbance was noted at the end of 
two years but growth disturbances are to be 
expected. In most instances in which residual 
symptoms or signs persisted, it was found that 
there was a slight to moderate increase or loss 
of the normal carrying angle at the elbow, some 
thickening about the joint even though func- 
tion might be normal and some restriction in 
the extremes of motion or pains with weather 
changes. 

Pathologic Fractures. Eight patients had 
pathologic fractures (1.1 per cent). These were 
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seen in children between four to fifteen years of 
age and were limited to four different bones 
(femur, humerus, tibia and finger). Five of 
these eight patients had cystic diseases of 
bones, three being examples of the solitary 
unicameral cyst of bone, while two fractures 


TABLE 1x 
PATHOLOGIC FRACTURES 
Sex: 
Age: 


From 4 to 15 years 


(4, 7, 8, 9, 12, 13, 15, 16) 
Average—10.5 years 


Bones: 
Pathologic diagnosis: 
Pseudarthrosis of tibia............ I 
Osteoporosis of bone.............. 2 
Treatment: 
Immobilization................... 4 
Results: 


occurred in bones that were quite osteoporotic. 
One boy with a Charcot-Marie-Tooth syn- 
drome had a sudden fracture of the tibia while 
engaged in ordinary walking, while another, a 
paraplegic from spina bifida, sustained a frac- 
ture of the shaft of the femur while being 
turned in bed. One patient with a congenital 
pseudarthrosis of the tibia had a number of 
bone grafting procedures, none of which was 
successful. (Table rx.) 

Non-union. There were six cases in this 
series. One case was a non-union of the carpal 
scaphoid in a sixteen year old white male. No 
surgical intervention was advised after non- 
union was evident since he had no clinical 
disability. In four instances non-union of the 
femur developed following shaft fractures. One 
case developed after open reduction and plat- 
ing. In three other cases skeletal traction 
through the tibial tubercle with elevation of 
the leg on a Braun splint had been carried out. 
There had been no difficulty in securing or 
maintaining alignment in these cases. All went 
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on to union after a bone-grafting procedure 
had been performed but hospitalization was 
prolonged (129, 170 and 227 days). In one case 
with pseudarthrosis of the tibia union could 
not be obtained even after a number of grafting 
procedures. (Table x.) 


TABLE xX 
NON-UNION 


Treatment: 


* One patient with non-union of the carpal scaphoid 
had no symptoms and had good function; no treatment 
was indicated. 


Beekman, in reporting over 2,000 cases of 
fractures in childhood, found no cases of non- 
union but his study did not include children 
over thirteen years of age. In our cases, ex- 
cluding one patient with a congenital pseud 
arthrosis of the tibia, all patients developing 
non-union were between fifteen to seventeen 
years of age. 

Birth Fractures. Ten cases are recorded. The 
clavicle was fractured in two cases, the humerus 
in two, the femur in four and the tibia in two. 
In two of these patients nerve involvement was 
detected. In one instance radial nerve injury 
with a fracture of the humeral shaft resulted 
in a wrist drop that disappeared three weeks 
later. In the second case a foot drop in an 
infant with a fracture of the shaft of the femur 
was noted two weeks after delivery. This weak- 
ness had disappeared at a re-examination three 
and one-half months later. The end results were 
excellent in the nine patients in whom a 
follow-up was obtained. The average follow- 
up period for this group was four years. 
Three of these patients required no treatment 
while five other children had simple splints or 
casts applied. In two patients, however, treat- 
ment consisted of an osteoclasis because of a 
marked deformity that existed when the child 
was seen. (Table x1.) 

Dislocation. Nineteen patients had a dis- 
location in this series (2.7 per cent)—Table 
x11 shows the joints involved, the elbow 
being most often affected. Seventeen of the 
nineteen cases were in the upper extremity. No 
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dislocation was seen in a child under seven 
years of age and this particular type of injury 
was almost exclusively confined to the male sex. 

Open Reduction. It is impossible to review 
a series of children’s fractures over a ten-year 
period without realizing that in certain in- 


TABLE XI 
BIRTH FRACTURES 

Bones involved: 

2 

4 

Sex: 

Nerve involvement.................. 2 


(Radial nerve involvement in a fracture of the 
humerus; cleared up in 3 weeks. Foot drop in patient 
with a fracture of the femur, noted at age of 2 weeks 
had cleared up by age of 344 months.) 
Treatment: 
Coaptation splints................. 3 (1 humerus 
2 femur) 
1 (humerus) 


1 tibia) 

2 (tibia and 
femur) 

Double hip spica.................. 1 (femur) 


End results: 


Average period of follow-up: 
4 years 
Age of patient at time of first examination: 


I 


stances open reduction might have been 
avoided and have been unwarranted. We find 
that fifty-two children had an open procedure 
(7.5 per cent). We have included in this group 
those children having a compound fracture, 
even if débridement were of a minor nature, 
four cases of non-union and four cases with 
cystic disease of bone in which bone grafting 
was performed. Ten patients were operated 
upon because of a disruption of joint con- 
tinuity; eight because of a bone fragment in 
the joint, and fifteen because of failure in 
alignment at closed reduction. The majority of 
these patients were hospitalized, ranging from 
1 to 227 days; the average being 22.1 days. 
The humerus was operated on in fifteen pa- 
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tients, usually because of epiphyseal injuries 
about the elbow. The femur was the bone next 
often surgically exposed. Forty of these fifty- 
two patients were available for follow-up ex- 
aminations. There were three poor results 
(5.8 per cent). One boy has marked restriction 


TABLE XII 
DISLOCATIONS 


No. of cases:............... 19 (2.7%) 
Joints involved: 
3 
Acromio-clavicular........ 2 
Sterno-clavicular.......... I 
Patellar subluxation....... 1 
3 
I 
Age: 
7 to 10 years............. 3 
11 to 15 years............ 8 
16 to 18 years............ 8 
x: 
18 
I 
Compound 
Associated with fracture: 
WN 6 I 
18 
Results: 
Satisfactory.............. 13 
I 
5 


in motion of the first metacarpophalangeal 
joint after dislocation of the base of the thumb 
required open reduction. In a second patient 
the radial head had been excised after having 
been found completely detached. This child, 
with normal function and no symptoms, has a 
cubitus valgus at the elbow but no wrist dis- 
turbances as yet. A third child developed a 
mild Volkmann’s contracture after an open 
reduction for a fracture of the upper ulna. 
A ten-year follow-up examination showed her 
to be gainfully employed as a machine operator. 
Her fingers could be completely extended with 
the wrist in the neutral position; but as dorsi- 
flexion of the wrist was performed, flexion of 
the fingers was noted. She did not seem con- 
scious of her disability but the case is con- 
sidered a poor end result. There was one non- 
union as the result of open reduction and 
plating in this series. No frank wound infections 
were encountered, but two minor suture reac- 
tions were seen. The average follow-up in this 
group was 5.6 years. (Table x111.) 
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Complications. Obviously, of great impor- 
tance to the patient and surgeon alike is the 
presence of complications that occur either as 
the result of the fracture or the treatment re- 


TABLE 
OPEN REDUCTIONS 
52 (7.5%) 
Sex: 
Age: 
Under § years............. 3 
14 
Bones involved: 
Radius and ulna........... 3 
2 
Femur 9 
I 
Tibia and fibula........... I 
Sternoclavicular dislocation. 1 
Hospitalized: 
48 (from 1 to 227 days: 
average 22.1 days) 
Anesthesia: 


Indications for operation: 
Failure of alignment at 


closed reduction......... 15 (28.8%) 
4 
Fragment in joint.......... 8 
Bone cyst with fracture.... 4 
Disruption of joint con- 

Results: 
37 
3 


(1 with fracture-dislocation of thumb and poor func- 

tion in metacarpophalangeal joint; 1 with resection 

of the radial head. There is good function and there 

are no symptoms but there is a cubitus valgus; 1 with 

moderate Volkmann’s after fracture of ulna.) 
Average period of follow-up: 

5.6 years in 36 cases 


lated to the injury. In Table xiv we have 
divided all complications into two groups, the 
early and late. The commonest early problem 
is the loss of position that occurs in certain 


fractures. This was recorded in forty-nine 


instances. Skin irritation, either from plaster- 
of-Paris or traction materials, was noted in 
twenty-six instances. In eleven patients there 


TABLE XIV 
COMPLICATIONS 
Early: 
Loss of position (more than one reduction)... 49 
3 
Circulatory embarrassment (incomplete).... 11 
Volkmann’s contracture............... 
Unabsorbed hematoma................... I 
Delayed soft tissue healing................ 1 
117 
Late: 
Pains, chiefly with weather changes........ 16 
Noticeable structural deviation............ 18 


Crepitation of joint on motion............. 2 
I 
I 
Traumatic osteoporosis................... I 

70 

187 


was sufficient swelling of a hand or foot to 
require splitting of the cast. Because of the 
frequency of swelling we have made it a policy 
to examine these children on the first day post- 
reduction and to see them daily if edema de- 
veloped. In some instances hospitalization was 
prolonged a few days in order to be certain that 
swelling would not be of serious import. In 
many other children edema of the hand or foot 
developed but was not marked and fleeting in 
nature. In these instances splitting of the cast 
was not required. Other early complications 
have been referred to earlier. 

Among the late complications or sequellae 
there were eighteen instances in which there 


3 
we 
; 
a 
(including angulation, thickening, “crooked, 
“lump,” etc.) 
4 
4 
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were structural alterations, such as thickening, significant shortening. Non-union, previously 
mild angulations, ‘‘a lump” or alterations in __ referred to, in five patients occurred without 
the carrying angle at the elbow. The elbow operative intervention. Other late complica- 
joint is the one part of the body in which _ tions occurred as indicated in Table xiv. 

permanent structural deviation is most com- There were 117 (16.9 per cent) early and 
mon and variations in the carrying angle 70 (10 per cent) late complications in this series 
of patients as far as we could determine, or a 


Lapel pai total of 187 (26.7 per cent). Although most of 
nia 6 these reactions are not of too serious import, 
PERG 3 ae 59 yet the frequency with which they have been 
ee 92 seen indicates that close attention must be paid 
4 to 5 years.............. 76 to the immediate post-reduction course of each 
; of these children; and long-term follow-up 
examinations will reveal persistent disability in 
23 certain instances. 
g to 10 years............. 32 Follow-up. Table xv shows the number of 
Over 10 years. ........... 35 years following the fracture that the follow-up 
study was carried out. Unfortunately, in 188 
608 patients (26.9 per cent) no final evaluation 
Re-examination obtained in 72.6% of patients could be made. 
Poor Results. There are twelve patients in 
Pionee hnel this series whom we consider to have poor end 
12 (1.6%) results. (Table xvi.) All involved bones of the 
Bones involved: upper extremity and 8 were epiphyseal injuries. 
6 Nine of these patients had injuries about the 
_ 3 elbow. Factors and reasons for the poor end- 
— 8 CONCLUSIONS 
No..... 4 1. The indications for operation in fractures 
oe . in children should include the following: (a) 
ee Fractures of the lateral humeral condyle with 
2 displacement; (b) fractures of the internal 
Factors in end result: epicondyle with displacement of the fragment 
Circulatory embarrassment............. 4 into the joint; (c) fractures of the head of the 
radius with marked angulation; (d) fractures of 
2 the neck of the femur; (e) elbow fractures with 
More than one injury................. 2 impending Volkmann’s contracture; (f) irre- 
Myositis ossificans.................... I ducible separation of the distal femoral epiph- 
? ysis; (g) irreducible separation of the proxi- 
10 mal humeral epiphysis; (b) compound fractures; 
(1) osteochondral tangential fractures of the 
2 patella, and (j) cystic disease of bone in which 
Functional impairment:................. 10 a pathologic fracture occurs. This is especially 
true in solitary unicameral cyst of bone. 
ee 2. Conservative measures, in general, con- 


stantly give superior results compared to oper- 
occurred in some instances in which anatomic ative methods. The extent and completeness 
reduction had been obtained. Sixteen of these of remodeling after poorly aligned fractures 
children complained of pains, chiefly in damp __have healed is not only astonishing but what 
weather. Overgrowth was noted in nine in- is more striking in many instances is the speed 
stances after fracture of the femur and shorten- —_ with which there is a return to normal anatomic 
ing in six instances. There was no instance of _ configuration. 
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3. The growth factor serves as a charitable 
force to the surgeon in many poorly aligned 
fractures. 

4. Even though poorly aligned fractures 
may return to normal configuration with 
growth, an attempt should be made to reduce 
properly and anatomically all fractures in 
children. Not only is healing faster but the 
concern about future growth disturbances is 
lessened. 

5. Complications are common in childhood 
fractures. These may be prevented or mini- 
mized if they are anticipated and if close 
supervision is exercised in the post-reduction 
period. 

6. Physical therapy has a negligible role in 
childhood fractures. Active use of the part by 
the child will almost constantly be superior 
to the use of heat, massage and passive exer- 
cises by a therapist. Exaggerated limps dis- 
appear and stiff elbows will loosen up even if 
indifferent attention is paid to this phase of 
treatment. It is still not uncommon to see 
children carrying heavy water pails for stiff 
elbows, but our experience confirmed that of 
others namely, that normal use will constantly 
permit a return of motion. 

7. Various methods of treatment may give 
good results in many fractures. 

8. Alignment is the chief prerequisite in the 
treatment of fractures in children. Fractures 
should not be rotated or angulated. 

g. Minor degrees of angulation or rotation, 
especially near the end of a tubular bone, may 
straighten spontaneously because of the under- 
lying growth factor which often, but not al- 
ways, works in favor of the surgeon. We have 
noted a frequent tendency for fractures of the 
distal end of the radius to angulate in the cast 
when routine x-rays have been obtained ten 
to fourteen days after reduction. Our policy 
has been to ignore this if the angulation was 
not in excess of 25 degrees because of the 
natural tendency to a return to normal after 
union has been obtained. 

10. Apposition and length are of less sig- 
nificance in children than in adults. 

11. Analyzing our own findings and review- 
ing the reports of others, we find that there is a 
certain standardization of treatment in child- 
hood fractures. Indications for operative inter- 
vention are becoming more specific; probable 
complications are looked for and excellent end 
results are anticipated in most instances in the 


use of simple traction or closed reduction with 
casts. Awareness of ultimate excellent end 
results ordinarily obtained by conservative 
means will preclude unnecessary operative 
procedures. 

12. We have found that the fractures offer- 
ing the most difficulty in management in 
childhood fractures are those about the elbow 
joint and concur with Green that these are the 
problem fractures of childhood. They are the 
fractures in which nature is not always so 
charitable in the end result. 

13. Local anesthesia is the agent of choice in 
treating fractures in children.* 
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Fractures of the Lateral Condyle of the 
Humerus in Children 


FreperiIcK M. Smitn, M.p., New York, New York, AND JoHN J. Joyce, 111, M.p., Philadelphia, 
Pennsylvania 


From the Department of Orthopaedic Surgery, College 
of Physicians and Surgeons, and the Fracture Service, 
New York Orthopaedic Hospital, Columbia-Presbyterian 
Medical Center, New York, N. Y. 


! paper represents an evaluation of the 
results of all cases of recent fracture of the 
lateral condyle of the humerus in children seen 
on the Fracture Service of the Presbyterian 
Hospital in New York City from 1929 to 1945 
inclusive. Ninety-three cases were seen, of 
which 73 were followed for a period ranging 
from one to thirteen years, with an average 
follow-up of 4.8 years. Twenty cases were dis- 
carded because of lapse of follow-up. 

We believe that this report is of significance 
for two reasons. First, other authors! have 
reported as high as 40 per cent poor results in 
this type of fracture. Although we have found 
only 45.2 per cent perfect elbows in this series, 
only 16.4 per cent of the cases showed what 
we considered imperfect results of a severe 
nature. We believe, therefore, that the appar- 
ently ominous prognosis may be less than is 
implied by earlier papers. Secondly, because of 
the large number of adequately followed cases, 
we believe that this report is of significance 
as a Statistical evaluation. 

Frequency of the Injury. Fracture of the 
lateral condyle of the humerus is confined 
almost exclusively to children between the 
ages of two to fourteen years, with an average 
age of 6.2 years. The injury was found to repre- 
sent approximately 1 per cent of all injuries 
about the elbow joint. 

Anatomy and Pathology of the Injury. The 
injury represents considerably more joint 
damage than is shown roentgenographically. 
At the age of two years ossification of the 
lower end of the humerus is ushered in by the 
appearance of the capitellar center. The inter- 
nal epicondyle shows its ossification center by 
the age of five years; the trochlea slightly 
before the age of ten years, and the lateral 
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epicondyle at the age of twelve. By the age of 
sixteen, these centers fuse together to form a 
single epiphysis which in turn fuses to the shaft 
of the humerus by the age of eighteen. Up to 
the age of approximately eight years, only 
capitellar and internal epicondylar ossification 
centers are visible by x-ray. (Fig. 1.) 

Correlation of operative plus x-ray findings 
show that the line of fracture begins at a point 
just above the lateral epicondyle. It then 
descends medially and distally to reach the 
outer aspect of the trochlea. Displacement 
of the fragment varies from zero to 180 degrees 
of rotation so that the articular surface of the 
condyle may face the fracture surface of the 
humerus. Contraction of the extensor muscle 
attachments to the lateral condyle plus the 
degree of soft part tearing, as Wilson? points 
out, would appear to govern the amount of 
rotation and the degree of displacement of the 
fragment. 

Severe deformity with interposition of soft 
parts which occasionally occurs will render 
sound union of the fragments impossible. 
Anatomic reduction of the fragments is there- 
fore imperative. (Fig. 2.) 

Associated Injuries. The only injuries asso- 
ciated with the fracture of the lateral condyle 
in this series were two dislocations of the elbow, 
one olecranon fracture, comminution of the 
joint surface and fracture of the ilium. There 
were no compound fractures, nor did any of 
these patients have associated nerve or vascular 
injuries on admission. 

Diagnosis. Examination may be difficult 
because of the rapid swelling that occurs in 
the injured elbow, as well as by attempts on 
the part of a frightened youngster to protect 
his extremity. Typically, one notes swelling 
of the elbow joint, impairment of flexion and 
extension, and a bony deformity may be noted 
in cases with displacement of the fragment. 
The hemarthrosis associated with undisplaced 
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fractures may cause considerable pain as a 
result of joint distention. Local tenderness of 
the fracture site is also usually present. 
Roentgenograms in anteroposterior and lat- 
eral projections usually demonstrate the lesion. 
If the usual anteroposterior view of the elbow 
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(2 vas. 
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other bony injuries, we believe a trial at closed 
reduction should be attempted first. To accom- 
plish this the elbow is flexed slightly and the 
forearm is adducted on the humerus to widen 
the joint space between the radial head and 
the lateral humeral condyle. Thumb manipula- 


5 yrs. 9 ves. 


Fic. 1. Shows x-ray appearance of ossification centers of lower end of 


humerus at approximate ages indicated. 


is not adequate or completely clear, it should 
be repeated with the humerus and the forearm 
lying flat on the cassette. Comparable views of 
the uninjured elbow are often helpful in differ- 
entiating normal epiphyseal lines from possible 
fractures. 

Early, accurate diagnosis and treatment of 
the lesion is essential for success. 

Treatment. Treatment should be directed 
toward accurate anatomic reduction and main- 
tenance of reduction. The earlier reduction is 
undertaken, the easier it is accomplished and 
the better the prognosis as to function. 

In the case of the undisplaced fracture, care- 
ful aspiration of the hemarthrosis relieves much 
of the severe pain suffered. Immobilization of 
the extremity by means of a posterior molded 
plaster splint, with the elbow in acute flexion, 
will prevent displacement of the fragment and 
will allow satisfactory healing. 

Some authors believe that accurate reduction 
by closed methods is difficult or impossible to 
obtain in cases with severe displacement. They 
therefore recommend routine open reduction 
in this group.‘ 

Except in compound fractures, cases of 
neurovascular injuries, old cases, or cases of 
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tion is then used under fluoroscopic guidance. 
Once the fragment is reduced, its position is 
best maintained by flexion of the elbow and 
application of a posterior molded splint ex- 
tending from axilla to the metacarpophalangeal 


Fic. 2. Diagram on right illustrates fracture of lateral 
condyle as it appears roentgenographically; that on 
left illustrates in shaded area the unossified portion of 
the epiphysis. Hence, x-rays do not show true extent 
of the joint injury. 


joints. The child is observed overnight or until 
it is certain no neurocirculatory complications 
will arise and then is allowed to go home. 
Elevation of the injured extremity should be 
continued at home. At his next visit in forty- 
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Fic. 3. A, patient, age three years, was seen thirty minutes after injury. Dis- 
placement considered insufficient to require reduction. Splinted for seven- 
teen days; wore sling for fifty days. B, shows x-ray appearance twelve years 
later. Carrying angle increased 20 degrees beyond normal; 10 degree loss of 
extension. The necessity for absolute anatomic reduction is clearly illus- 


trated by this case. 


eight hours, the patient is started on early 
active finger exercises. Return visits should 
be weekly thereafter or oftener, depending on 
swelling and condition of splint. Splinting is 
continued for a minimum of four weeks, fol- 
lowed by a sling for two more weeks. No neuro- 
circulatory difficulties arose in any of the 
sixty-four patients treated in this manner. 
Operation was performed in nine cases. In 
eight of these, open reduction was done because 
of failure to obtain or maintain accurate 
reduction by closed methods. Excision of the 
fragment was performed on one patient who 
arrived in the clinic two and one-half months 
after original injury. In five cases internal 
fixation was used; four of these were held in 
position. by sutures; one had reduction main- 
tained by a stainless steel screw. The average 
hospitalization period for these cases was 7.2 
days. A posterior molded splint was used for 
an average of twenty-one days, and full active 


use of the extremity was permitted in an aver- 
age time of six weeks. The only postoperative 
complications encountered consisted of two 
posterior interosseous nerve palsies, both of 


TABLE | 
FIXATION USED IN OPEN REDUCTION 


which recovered spontaneously in eight weeks. 
(Table 1.) 

Follow-up Results. The shortest follow-up 
was one year; the longest thirteen years. In 
general it may be said that the follow-up period 
has been adequate for critical evaluation. The 
findings are based on actual examination of the 
patient and not on a follow-up letter. 
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Evaluation of the results is based on the 
anatomic findings, symptomatic complaints 
and ability of the child to indulge in his usual 
activities. Each category was further rated on a 
basis of ‘‘four” for a perfect finding. * 

Thirty-two patients (45.2 per cent) had 
perfect vesults; forty patients (54.7 per cent) 
had excellent or good results, and none was 
rated as a poor result. 

The cases were further classified according 
to displacement: nine, severely displaced; seven, 
badly displaced; eleven, moderately displaced; 
thirteen, mildly displaced; and_ thirty-two, 
undisplaced. 

Of the nine severely displaced, four were 
treated by closed methods and five by opera- 
tion. Six of the badly displaced fractures had 
closed reductions and one had an operation. 
Ten of the moderately displaced fractures were 
reduced by closed methods and one required 
operation. One of the mildly displaced cases 
required open reduction and twelve cases were 
treated by closed reduction. In none of the 
undisplaced cases was operation performed. 

Delayed and Non-union. The foregoing com- 
plication was noted in four patients; two had 
been treated conservatively and two had been 
treated by open reduction. 

Both of the closed cases had moderate dis- 
placement. One had been treated elsewhere 
without splinting for four weeks and had been 
started on active motion when seen in our 
fracture clinic. The other was treated within 
thirty minutes after injury; a posterior splint 
had been applied for seventeen days and this 
patient’s arm was in a sling until fifty days 
following injury. (Fig. 3.) 

* As stated, our results have been evaluated from the 
standpoint of anatomic findings, symptomatic com- 
plaints and ability of the patient physically to perform 
the same activities that he did prior to injury. The 


latter category in children has been based on the ability 
of the individual to pursue all sports and childhood 


activities without handicap. Grading of the various 
categories has been on the basis of 4. A “4” result in 
any given category represents a 99 to 100 per cent 
normal finding; a “3” result represents 75 to 99 per 
cent of normal; a “2” is 50 to 75 per cent of normal 
and a “1” result is 25 to 50 per cent of normal. A 
“‘o” result represents o to 25 per cent of normal. Thus 
a 4.4.4. result would mean a perfectly normal elbow as 
compared with the uninjured elbow. A 3.3.4 result 
would mean either a change in carrying angle or a 
prominence of the lateral humeral condyle, along with 
a sensation of crepitation or mild weather ache, with 
no loss in ability to indulge in the patient’s usual 
activity. 


4A 4B 

Fic. 4. A, x-ray showing marked displacement of 
fragment in two year old patient. Open reduction 
performed after closed reduction failed; no internal 
fixation used. B, x-ray showing non-union of frag- 
ment. Clinically patient had marked increase of 
carrying angle. A more favorable result probably 
would have been obtained with secure internal 
fixation. 


More severe displacements were encountered 
in the two cases treated by open reduction. It 
is felt, however, that lack of proper internal 
fixation in each of these cases may account 
for the end result. The time of immobilization 
in splints was seven weeks in one case and four 
weeks in the other. (Fig. 4.) 

The importance of anatomic reduction has 
been emphasized by other authors. Wilson? 
states that all will obtain bony union, if reduced 
properly. Such is not our experience. We believe 
that an adequate blood supply and complete 
immobilization of the fragments are of equal 
importance in securing solid union; therefore, 
any patient in whom open reduction is per- 
formed should have the benefit of secure 
internal fixation, e.g., screw, brad or Kirschner 
wire, and meticulous care in the preservation 
of the common extensor tendon attachments 
to the lateral condyle. (Fig. 5.) 

Late Ulnar Nerve Palsy. None of the 
patients in this study suffered from late ulnar 
nerve palsy. Two facts may explain this finding: 
first, ulnar nerve palsy usually occurs twenty 
to thirty years after the original injury and 
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Fic. 5. A, severe displacement of lateral condyle in five year old patient at time of admission. 


B, appearance of x-ray immediately after open reduction and fixation of fragments with a 
screw. C, appearance of x-ray six years postoperatively; clinically showed slight loss of 
carrying angle and very slight loss of extension. The benefit of proper reduction and internal 


fixation is well illustrated by this case. 


none of our cases has been followed for as 
long as that; secondly, this disturbance is 
associated with severe carrying angle change, 
and in only seven of this group did such a 
change develop. 

Carrying angle change or motion loss con- 
stituted the chief reasons for imperfect results. 
A change of 10 degrees or less in the carrying 
angle was considered mild; a greater change 
was considered severe. A 15 degree loss of 
motion was considered mild; greater loss was 
considered severe. 

Change in Carrying Angle. A total of 
twenty-four cases (32.8 per cent of all patients 
treated) showed a change in carrying angle. 
Only seven patients (9 per cent) showed a 
severe change; three of this group had been 
treated by open reduction and four by closed 
manipulation. 

Mild carrying angle change was observed in 
seventeen cases (23 per cent of all patients). 
Only one of this group had been treated by 
open reduction, and the remaining sixteen 
cases had been treated by closed methods. 

In general it was found that a severe original 
injury resulted in a severe carrying angle 
change. (Table 11.) 


Loss of Motion. A total of nineteen cases 


(23 per cent) showed motion loss. Fifteen of 
this group had been treated by closed, and 
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four by open reduction. Four patients had 
severe loss of motion; fifteen had a mild loss. 
Of the cases having a severe loss, one occurred 
in the group treated by open reduction, and 


TABLE II 
REASONS FOR CASES SHOWING IMPERFECT RESULTS 


Carrying Angle Loss Motion 


Change | 
| | 
| 
Closed | Open | Closel | Open 
Severe......... 4 3 3 | 1 
16 I 3 
Total..........| 20 4 5 4 


Severe change 
constitutes any 
alteration in car- 
rying angle 


Severe change 
constitutes any 
loss of motion 
greater than 15° 


greater than 10° 


three were in the closed reduction group. Of 
the fifteen cases with mild motion defects, 
twelve were in the group treated by closed and 
three were in the group treated by open 
reduction. 
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Fractures of Lateral Condyle of Humerus 


No correlation was observed between the 
severity of the displacement and the severity 
of the restriction of motion. (Table 11.) 


SUMMARY AND CONCLUSIONS 


1. The end results of seventy-three cases of 
recent fracture of the lateral condyle of the 
humerus in children are reported. Sixty-four 
were treated by closed reduction, and eight 
by open reduction, one by excision. The average 
follow-up period was 4.8 years. 

2. Fracture of the lateral condyle of the 
humerus usually occurs in children. 

3. Early closed reduction should be at- 
tempted. If anatomic reduction is not obtained, 
open reduction should be performed imme- 
diately. The benefit of rigid internal fixation 
is deemed advisable. 

4. The end results were, in general, good ‘to 
excellent. Change in the carrying angle and 
motion loss were the causes for imperfect 
result. 

5. Four cases of non-union were encountered. 


Failure to obtain and maintain anatomic reduc- 
tion, or failure to achieve rigid fixation, ap- 
peared to account for this difficulty. 

6. In no case did myositis ossificans develop 
and in none, as yet, have neurologic sequelae 
developed. No compound fractures were en- 
countered in this study. 
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A Study of 2,532 Fractures in Children 


RoBert P. LicHTENBERG, M.D., Grand Island, Nebraska 


jee the past five years 9,037 cases of 
fracture have been treated at Hurley 
Hospital, of which 2,058 or 22.77 per cent were 
in patients under thirteen years of age. Because 
of the marked differences in the treatment of 
fractures in adults and in children, and because 


TABLE | 
FRACTURES IN CHILDREN (2,058 CASES) 
Bone Number | Per cent 

254 10.0 
Miscellaneous (fractures of skull, 

pelvis, spine, ribs) 199 | 7.9 


of the recent marked increase in the use of open 
reduction and internal fixation, it was believed 
that a study of this latter group would be a 
sobering influence and again re-emphasize the 
fact that “Fractures in children are different.’”! 

In this group of 2,058 patients there was a 
predominance of males, constituting 64.3 per 
cent of the total. The group sustained a total of 
2,532 fractures, of which 2,093 or 82 per cent 
involved the long bones of the body. There 
were nine deaths (0.4 per cent), all of which 
were due to the severe craniocerebral injuries. 

The statistical analysis of this group is of 
particular interest because it is made up of 
patients treated in the emergency room as well 
as those admitted to the hospital; it therefore 
gives a reliable picture of the frequency of 
involvement. The radius was the bone most 
commonly fractured, being injured in 647 cases 
or 25.5 per cent (Table 1.) 

Blount,! Aitken,? Odell* and others have 
repeatedly pointed out the factors which 
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determine the principles of fracture treated 
in children. Apposition and angulation, both 
of which are of prime importance in our con- 
cept of fracture treatment in the adult, are of 
much less significance in the child. The growth 
factor will equalize shortness due to overriding 
at the fracture site; and because the fracture 
itself acts as a stimulus to bone growth, it is 
frequently advisable to have some overriding 
to compensate for an actual increase in the 
length of the fractured bone. This has been 
pointed out repeatedly in fractures of the 
femur where a 1 cm. overlap gives the best 
results. Angulation will also be corrected 
by the growth factor when the fracture is near 
the end of the bone and in the very young 
when angulation is near the middle. This of 
course does not mean that apposition, angula- 
tion and alignment should be completely: 
neglected, for it is obvious that a perfect 
reduction in each of these spheres will result 
in hastened convalescence and normal func- 
tion. However, repeated manipulation will only 
interfere with the tremendous potential for 
healing and for the correction of deformity 
which is present in this group of patients. Open 
reductions, except in a very specific group of 
cases, with the resultant capsular adhesions 
and stiffness will more often produce an unde- 
sirable result than will a poor closed reduction. 
However, in fractures with displacement in- 
volving the medial epicondyle of the humerus, 
the lateral condyle of the humerus and the 
radial neck, open reduction should be con- 
sidered as the primary form of treatment to 
prevent marked deformity. Other operations 
except under individual circumstances are not 
justified. This is one group where you must 
treat the patient and not the x-ray. 
Epiphyseal injuries can potentially cause 
growth arrest with resultant shortening. Be- 
cause of this epiphyseal injuries are often sub- 
jected to repeated manipulation which cause 
more damage than the original injury. Aitken? 
states: “‘Malposition of an epiphysis per se, is 
not a cause of deformity.” There are three 
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areas where nature does not correct for mal- 
position of an epiphysis and these are the three 
intra-articular epiphyses of the body external 
condyle, capital-femoral and proximal-radial. 
Displacements of these three epiphyses should 
be corrected promptly and operation may be 
necessary. 

Definite epiphyseal involvement was found 
in only 6.5 per cent of our cases as compared 
with a much higher percentage in older chil- 
dren. This may indicate that an epiphysis is 
more prone to injury as it approaches fusion. 

Delayed or non-unions are rare or absent in 
this age group and the only cases of delayed 

union noted in this series were secondary to 
open operations with internal fixation. 

Fractures of the upper third of the humerus 
occurred in thirty-four cases in this series or 
‘13 per cent of fractures involving the humerus. 
(Table 11.) Separation of the proximal humeral 
epiphysis usually occurs in children over twelve 
years of age. There were no cases with involve- 
ment of this epiphysis in our series. Fractures 
involving the shaft occurred in twenty-four or 
9 per cent. In fractures involving the shaft or 
upper third of the humerus reduction is not 
necessary and splinting to the chest wall, 
plaster splints or hanging casts all produce good 
results. In seven of our early cases shoulder 
spicas were applied but we now believe that 
this is unnecessary. One operation was per- 
formed in this group for a fracture through a 
bone cyst. There was one case of temporary 
radial nerve involvement which is mentioned 
as a complication of fractures in this area. 

The distal end of the humerus is a very 
common site of fracture in children and these 
deserve special attention. There were 197 cases 
in this series (78 per cent of fractures involving 
the humerus). This group consisted of 137 
supracondylar fractures (69 per cent of this 
group), thirty lateral condylar (17 per cent) 
and twenty-six involving the medial epicondyle 
(14 per cent). “T” or “Y” fractures which are 
common in adults are rare in children and none 
were found in this series. 

The supracondylar fracture is one of the 
most dangerous fractures in children because 
of extensive damage to soft parts with the 
possibility of developing ischemic contractures 
of the forearm and hand, injury to nerves and 
myositis ossificans. We believe that manipu- 
lative reduction of supracondylar fractures 
should be confined to those with only moderate 


displacement. Manipulation tends to increase 
the soft tissue damage; it frequently has to be 
repeated and it definitely increases the inci- 
dence of the complications mentioned hereto- 
fore. Hammond? states: ““The method simply 
is not worth the risk when the function of the 


TABLE I 
FRACTURES OF HUMERUS 


Upper third 
Middle third 
Lower third 
Supracondylar 
Lateral condyle 
Medial condyle and epicondyle 
Operations on the humerus.................. 
Medial condyle and epicondyle 
Lateral condyle and capitellum 
Upper third 


extremity is at stake.”’ We prefer skeletal trac- 
tion suspension as advocated by Hay-Graves® 
and others for the following reasons: It gives 
an excellent reduction with little or no addi- 
tional trauma, and elevation of the arm en- 
hances venous and lymphatic return thereby 
removing the threat of ischemic contracture. 
It has advantages over the Dunlap type of 
traction because there are no encircling band- 
ages and there is better control over the distal 
fragment. We have had no cases of ischemic 
contracture since this policy was instituted 
fourteen years ago. 

There were sixty-five supracondylar fractures 
(47 per cent) with minimal or no displacement. 
This group required only immobilization for a 
period of three weeks, and functional as well as 
anatomic results were excellent. Twenty-six 
cases (19 per cent) showed severe displacement 
of the distal fragment and were treated by 
skeletal traction suspension. All of these were 
of the extension type with posterior displace- 
ment of the distal fragment. Forty-two pa- 
tients (34 per cent) received manipulation as 
the primary form of therapy with plaster 
immobilization in varying degrees of flexion. 
Two patients in this group required subsequent 
skeletal traction suspension because of impend- 
ing vascular insufficiency. Four additional pa- 
tients in this group required two or more 
manipulations. One of these cases was of the 
flexion type with anterior displacement of the 
distal fragment and consequent immobilization 
in extension. On follow-up this case showed 
limitation of motion at the elbow probably due 
to capsular adhesions. Another case in this 
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group requiring two or more manipulations 
showed restricted motion because of myositis 
ossificans. Even though manipulation was con- 
fined to those cases with slight to moderate 
displacement, we noted complications of a 
major variety in 15 per cent of the cases 
treated in this manner. 

In general it may be stated that our follow-up 
study of the end results of supracondylar frac- 
tures agrees with that of Brewster and Karp*® 
in that the functional result is excellent. How- 
ever, about 25 per cent show a slight to 
moderate loss of carrying angle which is of 
little significance. 

Fractures of the lateral condyle are the next 
most frequent in this area and can occur in 
three forms: (1) epiphyseal separation of the 
capitellum, (2) cortical fracture of the lateral 
condyle with possible displacement of the 
capitellum, and (3) fracture of the whole lateral 
condyle with shearing off of the capitellum. 
Treatment consists of open reduction and fixa- 
tion if there is separation and rotation of the 
fragment. This will prevent the formation of 
pseudarthrosis with valgus deformity and de- 
layed ulnar paralysis which may develop five 
to thirty years following the fracture. If there 
is lateral displacement without rotation, man- 
ual manipulation by compression may be possi- 
ble but open reduction is advisable. Seven 
patients in the series were treated by open 
reduction and fixation with excellent results. 
The remainder were treated by immobilization 
alone or by compressive manipulation followed 
by immobilization. 

Fractures of the medial epicondyle will de- 
velop non-union if not adequately reduced. 
This produces no change in the carrying angle 
and no functional disability, but there will be 
an abnormally prominent medial condyle. Open 
suture will prevent development of non-union. 
Fractures of the medial condyle, which are not 
common in children, if not reduced will produce 
a decrease in the carrying angle and functional 
disability will result. Early operation is neces- 
sary in these cases. There were five operations 
involving the medial condyle and epicondyle, 
with perfect functional and anatomic results. 
Three of these cases were associated with dis- 
location of the elbow and the epicondyle was 
displaced within the joint. 

Sixteen per cent of all fractures about the 
elbow were found to involve the radius or ulna. 
(Table 11.) Sixteen cases were fractures of the 
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radial head and neck, twelve the olecranon 
process of the ulna, four the coronoid process 
of the ulna and six cases were of the Monteggia 
type with dislocation of the radial head and 
fracture of the shaft of the ulna. 

The sixteen fractures of the radial head and 


TABLE III 
FRACTURES ABOUT ELBOW 


Number | Per cent 


Lateral condyle and capitellum. . . 34 14 
Medial condyle and epicondyle. . . 26 11 
Radial head and neck........... 16 7 
Monteggia fractures............. 6 25 


neck constituted 2.4 per cent of all fractures 
involving the radius. Twelve of these were 
treated by simple immobilization in plaster. 
Five of these cases treated by immobilization 
were compression fractures of the radial head 
without displacement. Fracture of the radial 
neck with slight or no angulation was found in 
five cases, and the last two cases were sectional 
fractures of the proximal radial epiphysis. 
Three cases required manipulation and immo- 
bilization. These were fractures of the radial 
neck with 30 to go degree angulation. Manipu- 
lation was successful in all three and follow-up 
study reveals that they are normal both func- 
tionally and anatomically. One operation was 
necessary because of complete separation of 
the proximal radial epiphysis in a twelve year 
old boy; three years later he showed a good 
functional and anatomic result. A recent study 
of 479 cases of injury to the radial head and 
neck by Gaston, Smith and Baab’ showed that 
in children with minimal displacement or dis- 
placement up to tilt of 10 degrees, treatment 
by simple immobilization showed no disability 
and no evidence of growth disturbance. Pa- 
tients with 10 to 20 degree tilt treated by single 
immobilization showed premature epiphyseal 
closure and widening by x-ray but no func- 
tional disability. Patients with 20 to 70 degree 
tilt who had no reduction showed some limita- 
tion of elbow motion and x-rays revealed en- 
largement and premature epiphyseal closure, 
but all cases showed a normal radial length. 
Patients in this group with either manipulative 
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or operative reduction showed excellent func- 
tional and anatomic results. Patients with 
complete separation should be treated by 
immediate open reduction. This study further 
points out that late operative intervention and 
undue operative trauma were common in all 
cases of radio-ulnar synostosis. 


TABLE Iv 
FRACTURES OF RADIUS AND ULNA 
Upper third 
Both bones 
Treatment: 
Manipulation 
Immobilization 
Middle Third. . 
Both bones 
Treatment: 
* Manipulation 
Immobilization 
Distal third... . 
Both bones 
Treatment: 
Manipulation 
Epiphyseal involvement 
Radial: Proximal 8, distal 55 
Ulnar: Proximal 1, distal 6 
Operations 
Monteggia 
Radial neck 
Coronoid process 
Olecranon. . 
Distal radius and ‘uina.. 


All twelve fractures of the olecranon were 
treated by simple immobilization except one 
which required open reduction for complete 
separation of the proximal ulnar epiphysis. 

Four patients with fracture of the coronoid 
process were seen who required only immobili- 
zation in flexion. However, one of these patients 
was operated upon under the erroneous x-ray 
diagnosis of complete dislocation of the proxi- 
mal radial epiphysis. The coronoid process was 
excised. Follow-up two years later showed nor- 
mal function of the elbow. 

Monteggia fractures were found in six cases. 
Five were treated by manipulation and immo- 
bilization with the forearm in supination and 
the elbow flexed as much as possible. Open 
reduction was done in one case with repair of 
the annular ligament and fixation of the ulna 
with plate and screws. 

The most frequent fractures of childhood are 
those of the forearm. (Table tv.) There were 
688 patients in this group with a total of 1,037 
fractures or 41 per cent of all fractures. Blount, 
Schaefer and Johnson* have shown that good 
apposition is not essential in this area. Perfect 


functional and after one year perfect anatomic 
results will be obtained without apposition in 
a young child as long as the alignment is 
reasonably good. However, persistent angula- 
tion, especially lateral angulation, will result 
in limitation of supination and pronation. Onne 
and Sandblom!’ in a study of the late results of 
forearm fractures state that “During the first 
decade of life there usually is complete correc- 
tion of angulation up to 20-25° but above this 
age or this degree of malposition the power of 
correction is decreased.” 

In our series there were sixty-four fractures 
involving the upper third of 6.1 per cent of 
forearm fractures. These fractures are fre- 
quently caused by direct trauma, and reduction 
should be obtained and maintained with the 
distal forearm in supination to negate the pull 
of the pronator teres on the distal fragment. 
In eight cases both bones were involved. 
Thirty-three per cent of the cases required 
manipulative reduction and 66 per cent re- 
quired only simple immobilization in plaster. 

Twe hundred seventeen fractures involved 
the middle third of the forearm or 20.9 per cent 
of forearm fractures. Both bones are more fre- 
quently involved in this area occurring in 
64 per cent of the cases. Manipulative reduc- 
tion was found necessary in 64 per cent of all 
cases involving the middle third of the forearm. 

Seven hundred fifty-one fractures involved 
the distal third of the forearm or 73 per cent of 
forearm fractures and 29 per cent of all frac- 
tures in this series, making this the most fre- 
quently involved area of children. The most 
frequent fracture was found to be both bones 
of the forearm between 1 to 2 inches above the 
wrist joint and these are frequently complete. 
Greenstick fractures are very frequent both in 
the middle and distal thirds of the forearm. 
If one or both bones are involved and there is 
angulation of 5 degrees or less no treatment is 
necessary but splinting. In greenstick fractures 
with angulation of 10 degrees or more the 
fracture must be completed to prevent angu- 
lation, and immobilization should be main- 
tained for about eight weeks to prevent recur- 
rence of bowing. Sixty-five per cent of the 
fractures in this area involved the radius; 48 per 
cent of the cases consisted of both bones. 
Fifty-one per cent of these required manipula- 
tion. Three cases required open reduction be- 
cause of interposed soft tissue. These were 
reduced and no internal fixation was used. 


| 
3% 
6% 
4% 
6% 
1% 
I 
3 
3 
(ap 
‘ 
333 


Study of 2,532 Fractures in Children 


The distal radial epiphysis was involved in 
fifty-five cases and the distal ulnar epiphysis 
in six. Even though reductions were not perfect 


in a good percentage of these, no cases of arrest’ 


were noted in follow-up. 
Seven operations were performed for frac- 


TABLE v 
FRACTURES OF FEMUR 
Middle third............. 63.... 67% 
Epiphyseal injuries: 
2 
Treatment: 
50% 
29% 
3% 


tures of the radius and ulna. Four of these were 
for fractures about the elbow and have already 
been discussed. The remaining three were per- 
formed for fractures of the distal third of the 
radius and ulna in which closed reduction was 
unsuccessful because of interposed soft tissue. 
Internal fixation was not used in any of these 
cases. 

Fractures of the femur occurred in ninety- 
four cases or 3.7 per cent of our series. (Table v.) 
Eighteen per cent involved the proximal third, 
67 per cent the middle third and 15 per cent 
the distal. There were two cases of traumatic 
dislocation of the capital-femoral epiphysis, 
both of which were reduced by manipulation. 
One occurred in a boy of five, and at 12 months 
no abnormality of the epiphysis was noted. 
The other case was a boy of twelve, and at 
seventeen months no abnormality was noted. 
Three patients with involvement of the distal 
femoral epiphysis (ages twelve, twelve, and 
seven) were treated with manipulation and 
immobilization in plaster. Good results were 
obtained in all. 

Fractures of the shaft of the femur best illus- 
trate the ability of the growing bone to compen- 
sate for overriding and poor alignment. An 
oveilap of 1 cm. Is said to give optimal healing 
because of the natural stimulus to overgrowth. 
Odell and Leydig? report compensatory cor- 
rection of shortening in eight cases followed up 
for over three years. 

We favor the use of a sitting spica for pa- 
tients under five years of age with fractures 


of the shaft. The hips and knees are flexed 


go degrees and traction is placed on the legs 
until reduction is obtained. Adequate padding 
is then applied. This gives results which are as 
good if not better than any other treatment 
for this age group in our hands, and at the 
same time it affords a tremendous saving in 


TABLE 
FRACTURES OF TIBIA AND FIBULA 
Upper third......... 38 
Middle third 


Distal third......... 197 
61% 
30% 


Epiphyseal injuries 


Treatment: 
Immobilization and manipulation.... 28% 


hospital expense and personnel. The child is 
easily cared for by the mother and is able to 
sit up for meals and to use the commode. A bar 
is usually placed between the knees for ease in 
handling and to strengthen the cast. Fifty per 
cent of our patients were treated by this 
method. In 29 per cent regular spicas were 
applied as an initial form of therapy. Traction 
was applieu in 15 per cent, one-half being 
skeletal traction, the remainder Russell’s trac- 
tion. Long-leg casts were used in three cases 
involving the distal femoral epiphysis. There 
were no operations in this group. 

Fractures of the tibia and fibula accounted 
for 144% per cent of our series or 377 fractures. 
(Table v1.) Of these the tibia was fractured 
alone in 61 per cent, both bones in 30 per cent 
and the fibula alone in g per cent of the cases. 
The most common fracture in our series was a 
spiral oblique involving the lower half of the 
tibia with or without involvement of the fibula. 
Thirty-four cases involving the epiphyses were 
noted in this group. Twenty nine or 85 per cent 
involved the distal tibial epiphyses and only 
three involved the proximal tibial. The fibular 
epiphyses were involved in two cases. Treat- 
ment of fractures of the tibia and fibula con- 
sisted of immobilization alone in 61 per cent of 
the cases and manipulation followed by im- 
mobilization in 28 per cent. Traction was em- 
ployed in only five cases. There were eight 
operations in this group and six of these were 
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in open fractures. No internal fixation was used 
in three cases, one or two transfixion screws 
were used in three cases, plate and screw 
fixation was used in two cases. 

On reviewing the x-rays in operative cases 
it was found that those without internal fixa- 
tion definitely showed a marked decrease in 
healing time as compared to those cases in 
which both plate and screws were used. Cases 
in which only transfixion screws were used 
showed only a slight delay in healing time. 
Our over-all operability rate was 1.4 per cent. 


CONCLUSIONS 


It has been concluded from this series that 
conservation is the only sensible policy to 
follow in the treatment of fractures in children. 
The attempt to use the same principles in the 
treatment of similar fractures at all ages, 
especially with the growing tendency toward 
open reduction and internal fixation, can only 
lead to disaster in this group. The child not 
only has the ability to heal which is greater 
than found in the adult, but also has the factor 
of growth. This growth involves all portions 
of the bone and not merely the epiphyseal 
portion which is concerned mainly with length. 
There is actual growth in all diameters. This 
explains the tremendous tendency to correct 
deformities of length, angulation and apposi- 
tion. Of necessity these forces vary with age 
and site but these factors should also be evalu- 
ated. Our aim should be to utilize these forces 
to the fullest extent and maximum efficiency 
without adding additional burdens. Repeated 
manipulations when considered in this light 
are unnecessary and only increase the soft 
tissue damage. They merely please one’s 
esthetic sense in viewing the x-ray picture. 
However, when open reduction is indicated, it 
should be done without dispatch and not as an 
afterthought following repeated manipulations. 
Late operations, even though indicated as a 
primary form of therapy, will yield poor results 
and may even be tragic as far as the function 
of the part is concerned. 
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DISCUSSION OF PAPERS BY DRS. ESTES 
AND HANLON, SMITH AND JOYCE, 
AND LICHTENBERG 


WiuiaM L. Estes, Jr. (closing): I want first of 
all to give full credit for the very exhaustive study 
which we have reported to my associate, Dr. Han- 
lon. I have been acting largely in the capacity of 
consultant in this comprehensive review. It is a 
field in which Dr. Hanlon has been particularly 
interested. 

I thought, however, I would like to add in sum- 
mary certain general deductions that we have 
made from this study. 

The indications for operation in fractures in 
children should include: open fractures, fractures 
of the lateral humeral condyle with displacement, 
that has been so well brought out by Dr. Smith 
and his associates, fractures of the internal epi- 
condyle with displacement of the fragment, frac- 
tures of the head of the radius with marked angu- 
lation, elbow fractures with impending Volkmann’s 
contracture, irreducible separation of the distal 
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femoral epiphysis and the rare osteochondral tan- 
gential fractures of the patella. 

We have believed very definitely, as was so well 
expressed by the last speaker, that particularly in 
shaft fractures conservative measures give superior 
results compared with operative methods. 

The extent and completeness of remodeling after 
well aligned fractures have healed, even if poorly 
apposed, is astonishing. What is more striking is 
the rapidity with which there is return to normal 
anatomic configuration. 

Every attempt should be made to reduce 
properly and anatomically all fractures in children, 
if possible. 

We should not rely on this growth factor to serve 
always as a charitable agency for the surgeon. Of 
course, rotation and angulation of the fragments 
should be avoided, but again minor degrees of 
angulation or rotation, especially near the end of a 
tubular bone, may correct themselves spontaneously. 

Physical therapy has a negligible role in child- 
hood fractures. | am sure we all agree. Active use 
of the part by the child will invariably be superior 
to the use of heat, massage or any modality in the 
armamentarium of physical medicine. 

Finally, the fractures that offer the most diffi- 
culty in management in childhood are those re- 
ferred to by all the speakers, namely, fractures 
about the elbow. 

In conclusion we again would like to stress that 
in many cases in children local anesthesia is the 
anesthetic of choice. 

Freperick M. Situ (closing): I would like to 
emphasize that the study Dr. Joyce and I have 
made on the lateral condyle fractures are all on 
fresh fractures with one exception. Most of the 
reports in the literature on this type of fracture 
usually include those that may be anywhere from 
several months to sometimes several years after 
injury. Late cases of this sort should not be con- 
sidered in the evaluation of treatment of a group 
of early fractures. 

One can tell whether or not the treatment em- 
ployed is good only if he picks and limits the group 
to a particular entity. Dr. Joyce has put in a great 
deal of work on this study, and I am sure that the 
figures given in his talk will be much more inter- 
esting in the published report. 

In reference to Dr. Lichtenberg’s paper, | would 
like to emphasize again two things very strongly 
that he has emphasized. The first is that in chil- 
dren’s fractures one should avoid repeated manipu- 
lations. One certainly gets into trouble if he keeps 
‘ repeating the manipulations, especially in fractures 
around the elbow where the region is so prone to 
develop myositis ossificans. It is far better to 
accept a slight deformity than to strive for perfect 
anatomic position and end up with an elbow that 


is largely stiff as a result of overzealous and re- 
peated attempts to reduce the fracture. 

One other thing, | think all fractures in children 
as in adults should be reduced early. They should 
be reduced the day the fracture occurs, if at all 
possible, and not be put off until the swelling 
“goes down,” which may of course not take place 
for a period of several days. 

Georce J. Curry (Flint, Mich.): | think the 
facts have been well covered in these excellent 
presentations. I would like to make two comments. 

Mr. Secretary, you refer to a five-year follow-up 
of 2,000 fractures in children, emphasizing the end 
results of open and closed treatment with emphasis 
on the former. This is a misnomer. You should have 
said, emphasis on the latter. 

Secondly, I would like to make a plea. It has 
been delightful to have Dr. Estes use the word 
“open,” but Drs. Hanlon and Joyce kept using the 
word “‘compound.” That has been discarded. Two 
of three years ago Dr. Speed brought to our 
National Committee on Trauma the change in 
nomenclature from compound to open and simple 
to closed. | think this is a very much more ex- 
planatory nomenclature. 

BarBARA BarTLeTT Stimson (Poughkeepsie, 
N. Y.): I would like to discuss Dr. Joyce’s paper 
especially if 1 may. 

It is, | think, extremely illuminating every so 
often to stop and have an evaluation of what has 
gone on over a period of years. | was present at the 
medical center during a good deal of this time that 
was taken up by Dr. Joyce’s paper, and I must 
admit that my impression was very wrong. | did 
not realize that we had done so many closed reduc- 
tions on lateral condyles, nor did I think we had 
done so few open. 

There is one thing that I think should be 
brought into consideration in the analysis of the 
figures, and that is the actual growth disturbance 
because there is a fracture line through the epiphy- 
sis as well as through the diaphysis, and whether 
some of the poor results, although they were not 
many apparently, might not be due to that factor 
rather than possibly to too short immobilization. 
I think that is a factor which should be considered. 

I would also like to emphasize the fact that this 
paper did not go on far enough. Naturally it could 
not show the end results of the increased carrying 
angles some years later. 

This past winter a thirty-eight year old workman 
came into the office because of tingling and numb- 
ness in the ring and little fingers of the left hand, 
He told me he had been sent to a nearby metropolis 
where he had had a complete neurologic work-up 
including encephalograms. They could not find out 
why he had this tingling and numbness. Appar- 
ently no one had rolled up his sleeves. 
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He gave the history of having fractured his arm 
in childhood. He had almost complete range of 
motion in that elbow, and the ulnar nerve symp- 
tomatology had come on only within the last six 
months. 

I think this is a good example of what Dr. Joyce 
said of the late result of an inadequately treated 
fracture of the lateral condyle. 

I enjoyed all three papers and think it is very 
wise to summarize our results every so often. 

Irwin Scuutz (Milwaukee, Wis.): Dr. Stanley 
Seeger would have enjoyed this group of papers, 
I am sure. Those of you who knew him realize that. 
He was the man who was instrumental in starting 
our fracture service at Milwaukee Children’s 
Hospital back in 1932. He was the “sparkplug”’ 
back of that service. 

This service has remained very active, meeting 
every two to three weeks since that time to review 
and follow-up patients who have sustained frac- 
tures and have been hospitalized at Milwaukee 
Children’s Hospital. 

Our conclusions were presented in 1939 at an 
exhibit at the A. M. A. convention in St. Louis. The 
title of that exhibit was “Fractures in Children 
Are Different.” In the years we have not changed 
our opinion greatly and our conclusions agree in 
practically everything which was said here this 
morning. 

The factor of growth in children as brought out 
by Dr. Hanlon can be a help or a hindrance, but it 
must be considered in all types of fractures. In 
shaft fractures, particularly those of the femur, we 
prefer to have 1 to 2 cm. overriding for we have 
found that almost all children end up ten or fifteen 
years later with legs of approximately equal length 
where we have had some overriding. In those in 
which there was accurate reduction there was 
overgrowth of the injured limb, requiring later 
epiphyseal arrest with stapling or some procedure 
of that type. 

The paper on fractures of the elbow was par- 
ticularly interesting to me because that group had 
been assigned as my “‘ baby” in the fracture service. 
We believe that fractures of the lateral condyle and 
capitellum require early, accurate reduction and 
firm fixation necessitating open operations in most 
instances. For internal fixation we prefer the use 
of either two or three short pieces of Steinmann 
pin or ordinary finishing nails, allowing these to 
protrude slightly out of the bone but so that the 
skin can be closed over. These pins can be easily 
lifted out at the time the cast and sutures are 
removed (at about eighteen to twenty-one days.) 
Active motion is allowed by that time. Open re- 
duction should be done within five days. We have 
found that in those patients coming in at a later 
date (ten days to two weeks after they have sus- 
tained a fracture) even though open reduction is 
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done with very accurate apposition there is some 
disturbance of growth, with late deformity and 
fragmentation of the lateral condyle. 

We do not attempt closed reduction except on 
the rare occasion when we get a patient within an 
hour or two. These patients must be watched very 
closely with repeated x-rays as it is a bit difficult 
to hold the fragments in accurate and close apposi- 
tion. Generally our end results in lateral condyle 
fractures have been quite satisfactory. 

Concerning the comment that the growth factor 
may correct for angulation, we believe that in shaft 
fractures there should be pretty good alignment 
but that bayonet apposition is sufficient; in the 
femur it is preferable. Angulation near a joint is 
corrected by growth. This is seen at the wrist and 
also in supracondylar fractures of the elbow. In the 
forearm, angulation in the middle of the shaft is 
usually followed by limitation in pronation and 
supination. 

Routinely, we x-ray the uninjured limb for com- 
parison. This is particularly important in fractures 
near the joints, especially the elbow joint. At the 
elbow a relatively minor displacement, as far as 
x-ray is concerned, really indicates very marked 
damage, as mentioned by Dr. Joyce. 

We do not use physical therapy in elbow frac- 
tures. Children do not need it. This is particularly 
true of elbow fractures where we believe physical 
therapy does more harm than good. We do not 
have children carry weights to overcome flexion 
deformity. 

One other point in regard to supracondylar frac- 
tures of the lower end of the humerus is that when 
a child who comes in to the hospital after having 
been seen by two or three doctors, each one 
attempting to reduce the fracture, we do not try 
any reduction but put the child in overhead trac- 
tion with the elbow just off the bed and aliow the 
swelling to subside. In about five to seven days 
closed reduction is done under general anesthesia. 
Our results have been quite satisfactory. Open 
reduction in this group is not indicated as it 
actually belongs to the group of shaft fractures. 

This has been a very interesting group of papers. 
The members of our fracture service such as 
Drs. Blount and Schmidt would have enjoyed 
them. 

Speep (Chicago, Ill.): am struck 
very much by this series of papers, and it is pleasing 
to me because there seems to be a turn away from 
too much operative work on ordinary fractures, 
somewhat contrary to the stand taken by the 
younger group of orthopedic surgeons now at work. 

I agree with some of the essayists, and particu- 
larly the last speaker, Dr. Schulz, about operation 
on the external condyle of the humerus. 

I wish to say just a word about the elbow joint. 
While it is classified as a ginglymus, it is not a true 
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ginglymus because it also has rotation, pronation 
and supination. It is the most touchy and the most 
delicate joint in the whole body in my experience, 
and any little thing that is left in it, or not per- 
fectly in place, is like the proverbial monkey 
wrench thrown into the machinery. The very 
slightest amount of displaced bone may lead to a 
prolonged pathologic disorder, a condition about 
which I should like to say a word or two.* 

One patient had a displaced elbow joint which, 
when x-rayed, seemed to be hanging by a shred 
of capsule or synovia. A second film showed the 
joint replaced. This was done by the very slightest 
bit of maneuvering that possibly could be done. It 
was held by a catgut suture inserted by means of a 
sharp needle driven through the cartilaginous por- 
tion into the diaphysis of the humerus. A film 
taken two and one-half years later showed that 
growth had persisted and the carrying angle re- 
mained unchanged. 

In a case of greater comminution perhaps that 
type of operative attack would not apply because 
the bone is mashed and loses its identity as an 
isolated solitary fragment. This is one where 
perhaps non-operative treatment would be far 
more advisable. 

When there is very little displacement, non- 
operative means might succeed; but by and large, 
after handling several of them I believe that 
operative reduction is, in the long run, the best 
procedure and should be done very early after the 
fracture. If you let the displaced piece go unre- 
duced, latent and prolonged disturbances develop; 
and because of the irritability and exact fitting 
together of this modified ginglymus joint, it stiffens 
and becomes painful. 

In one patient the epiphyseal portion had failed 
to grow although a fair replacement was made; 
nevertheless, the function was very good as seen 
in a film years later. 

In another case, film of an adult elbow showed 
where after a similar fracture in a child the epi- 
physeal area had failed to grow. The diaphysis on 
the external side of the humerus seemed to shrink 
but really it stopped growing as a result of the 
fracture displacement and we have a marked 
change in the carrying angle. 

This fracture led to delayed ulnar palsy which 
is simply a prolongation of the pathologic condition 
extending over ten or fifteen and sometimes twenty 
years after injury. 


* Dr. Speed illustrated his discussion with slides. 


R. HAN Lon (closing): We are very 
much indebted to the writings of certain men who 
have pointed out the proper and logical ways of 
treating certain fractures in children. 

Drs. Blount, Aitken, Speed and others have 
shown the way and it is really only in the last 
ten years that the management of many of these 
childhood fractures has become standardized. 

The other papers in this symposium were ex- 
tremely interesting. Our findings fairly parallel 
those of Dr. Curry. I accept with great humility 
his suggestion of the use of the word open instead 
of ‘‘compound.” He is absolutely right about that. 
We use “compound” incorrectly and probably as 
a euphemism. 

Joun J. Joyce (closing): The fractures that we 
reported were all fresh fractures except as noted 
in one or two instances. When we tried a closed 
manipulation on the severely displaced ones, we 
were dealing with a fresh fracture that was much 
easier to handle than one that had gone any length 
of time. 

I have tried on several instances to perform a 
closed manipulation when a fracture has been 
several days old, and it is almost impossible to 
do so. Those, I think, have to be opened. 

I agree certainly with the caution against re- 
peated manipulations about the elbow. | should 
like to add my thanks for the edification about the 
term “compound” fractures from Dr. Curry. A 
““compound”’ fracture may not mean very much 
to him, but it means an awful lot to me. I shall 
use the term “‘open”’ in the future. 

I agree with Dr. Stimson that the growth dis- 
turbance is very definitely probably a factor in the 
epiphyseal injury which this fracture of the lateral 
humeral condyle definitely represents. However, 
the only thing | can say is we were unable clinically 
to have sufficient accuracy to measure an actual 
shortening in the humerus. However, in that par- 
ticular portion the lateral condyle probably did 
represent the growth disturbance and probably did 
represent cause for our less successful results. 

Rosert P. LichTENBERG (closing): | would like 
to thank all the discussers of the papers and also 
point out that this is a preliminary study. It will 
be carried further. 

We believe that we are not getting very many 
growth arrests in epiphyseal injuries. Our impres- 
sion is it will be directly correlated with the number 
of manipulations of the joint, and we are going 
to try to work that out in the future. 
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Fracture of the Femoral Neck As a Compli- 
cation of Pelvic Irradiation 


FrepDeErRIcK M. Situ, M.p., New York, New York 


From the Department of Orthopaedic Surgery, College 
of Physicians and Surgeons, and the Fracture Service, 
New York Orthopaedic Hospital, Columbia-Presbyterian 
Medical Center, New York, New York 


To occurrence of spontaneous fracture of 
the femoral neck arising as a complication 
following irradiation of the pelvis for malig- 
nancy is a form of trauma not frequently en- 
countered and not too readily understood. 
Watson-Jones states that the terms “‘spon- 
taneous” and “pathologic” for fractures are 
often used synonymously, but goes on to 
emphasize the distinction between these two 
groups in which he states the factor of trauma 
is of little importance. In the former he cites 
as causes: tabes dorsalis because of muscle 
incoordination; epilepsy and shock therapy be- 
cause of violent muscular contractions; and 
finally, march or fatigue fractures of the meta- 
tarsals. For the etiology of pathologic fractures 
he lists bone atrophy, osteoporosis, bone cysts, 
Paget’s disease, benign and malignant bone 
tumors (primary and secondary), and other 
causes too numerous to mention. The lesions 
considered in this paper would seem to be best 
classified under spontaneous fractures since in 
no instances have any metastatic areas been 
found early or late on x-ray examination of the 
fractured hip or in the pathologic specimens 
removed in four cases. A similar dearth of 
metastatic involvement is noted in the cases 
reported in the literature. 

The first report of spontaneous hip fracture 
following pelvic irradiation was by Baensch in 
Germany in 1927. The first reported series of 
(fourteen) cases in this country was cited by 
Dalby, Jacox and Miller in 1936, with an inci- 
dence of 2.1 per cent. These fractures followed 
irradiation for carcinoma of the cervix, fundus, 
ovary and vulva in ten, two, one and one 
patients, respectively. Three patients showed 
bilateral fractures. The average age of the 
patients was fifty-seven years. None gave a 


history of injury or fall, and all had pain 
antedating the diagnosis of fracture as evi- 
denced by x-ray examination. The average time 
from diagnosis of pelvic malignancy to fracture 
was about three years (with extremes varying 
from nineteen to seventy-three months). The 
elapsed time from onset of pain to discovery 
of fracture by x-ray was seven months on the 
average. In nine patients fibrous union de- 
veloped at the fracture site, but in none of 
these had the fracture been nailed. 

There appears to be a considerable difference 
of opinion as to the actual etiology of the frac- 
tures. It is claimed that irradiation causes 
endarteritis obliterans, fibrosis, osteoporosis, 
fatty infiltration of the marrow spaces and 
destruction of osteoblasts, as well as aseptic 
necrosis. Undoubtedly, some of these changes 
do occur, but it is surprising how well these 
fractures heal if given half a chance. McCrorie, 
citing ten cases, states that in the first three 
the fractures went on to heal when the patients 
took to bed with their hip pain. Bonfiglio, who 
reported on the pathology in nine of fifteen of 
these fractures, states that “‘aseptic necrosis of 
the femoral head is of rare occurrence after 
spontaneous irradiation fracture.” He also 
notes that the prognosis is not nearly so un- 
favorable as was formerly supposed. The author 
heartily agrees with both of these state- 
ments and will emphasize these points more 
thoroughly. 

Stampfli and Kerr believe that complete frac- 
ture of the femoral neck may not occur, but 
state that coxa vara due to bending of the bone 
may result. This appears to be the closest to 
our own observation on this type of fracture, 
i. e., that the resulting deformity is very typi- 
cal. It consists of coxa vara without the usual 
external rotation noted in displaced femoral 
neck fractures following real trauma. (Figs. 1A 
and B, 2A and B.) They also recommended 
that treatment for these patients be sub- 
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Fic. 1. Case 1. A and B, anteroposterior and lateral views after fracture of right hip 
taken on May 20, 1940, showing varus deformity in former, but no angulation in lateral 
view. C, film of April 14, 1942, showing fracture healed in varus and with nail in place; 
slight irregularity of upper margin of head. D, film of January 25, 1944, one and one- 
half years after removal of nail. 


trochanteric osteotomy because of the possibil- 
ity of aseptic necrosis of the head of the femur. 

Somewhat over 100 cases of spontaneous 
fracture of the femoral neck have been reported 
following pelvic irradiation, including three 
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cases in males as reported by Hight, and 
Smithers and Rhys-Lewis, and MacDougall, 
Gibson and Williams. 

The author first had the condition brought 
to his attention when in February, 1940, a 
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sixty year old waitress presented herself fol- 
lowing a fall on her buttock. Clinical and x-ray 
examination failed to reveal evidence of hip 
fracture. Her pain subsided in two weeks. One 
month later when running for a bus she noted 
pain in the groin, aggravated later by walking. 
Another x-ray examination failed to reveal any 
fracture. The pain persisted but improved 


Fic. 2. Case u. A and B, anteroposterior and 
lateral views after fracture of right hip taken 
January 30, 1943. Note beginning varus de- 
formity in (A) and lack of angulation of frag- 
ments in (B). C, view taken on September 12, 
1948, five and one-half years later showing frac- 
ture solidly healed and in mild varus position. 


slightly with physiotherapy. Finally, two and 
one-half months after the onset, pain became 
so bad she could walk only with difficulty and 
with considerable limp. Clinical examination 
then revealed shortening and external rotation 
of the right leg and x-ray films showed a sub- 
capital fracture of the femoral neck with varus 
deformity. 
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On May 28, 1940, the patient was admitted 
to the Presbyterian Hospital, New York City, 
where she had been treated fifteen months 
previously for a carcinoma of the cervix uteri 
with x-ray and radium and had developed the 
complication of radiation proctitis and rectal 


nailed in varus position and went on to heal, 
and the patient is still walking on it without 
pain or disability more than thirteen years 
later. (Fig. 1A to D.) 

Altogether we have encountered eight post- 
irradiation fractures in the past thirteen years 


Fic. 3. Tracing of x-ray films of hips: A, Case 1; B, Case 11. Anteroposterior view of each shows varus 


deformity but lateral view does not show any angulation. 


Fic. 4. Tracing of films of hips: A, Case 1v; B, Case v. Shows varus deformity of each on anteropos- ‘ 
terior view, no angulation on lateral view in (A), and very slight in lateral view of (B). 


stricture. It was thought that her present hip 
fracture (preceded by pain) was the result of a 
metastatic lesion. Examination and consulta- 
tion by an alert gynecologist, however, re- 
assured us of no recurrence of the cervical 
neoplasm and also made us aware for the first 
time of the possibility of a postradiation frac- 
ture of the femoral neck. Operation was subse- 
quently carried out and the patient’s hip frac- 
ture was nailed under x-ray control without 
opening the capsule or attempting to improve 
the position of the fracture fragments usually 
performed in our hospital with displaced 
femoral neck fractures, because it was feared 
that the additional trauma of correcting the 
position might be enough to interfere with bony 
union. The fracture fragments were therefore 
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in seven patients. Five patients were N 
and one of these had bilateral fractures, 
left side being noted six weeks after the fi 


concentrated on the left following operatic on 
the right may have hastened its appearance. 
Our patients were all women ranging from 
forty-five to seventy-nine years of age with an 
average of fifty-eight years. Each had been 
treated for carcinoma of the cervix proxed by 
curettage biopsy except the.last patient in the 
series who had had a hysterectomy. Each had 
been treated with heavy doses of radiation for 
the cervical carcinoma as follows: 

Case 1. 6,000 mg. hr. total with six foci of 
10 mg. each of radium for 100 hours. (October, 
1938.) 2,000 r/air of x-ray to each of four pelvic 
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portals in fifty days; 2,000 r/air of x-ray to 
each of two lateral portals in twenty days. 
(November, 1938.) Over-all time = seventy- 
eight days. (Filtration—1 mm. of platinum.) 
Case u. “‘Pyramidal dose of x-ray treat- 
ments.”’ Cervical tandem (radon) for total dose 
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six pelvic portals (14,by 11 cm.). (2) X-ray by 
transvaginal cone (3 cm.) of intermediate volt- 
age with total of 3,750 r/air. (3) 3,000 mg. hr. 
of radium tandem in uterus. 

Case vil. X-ray—2,250 r/air to six pelvic 


portals (including two lateral portals) 6 by 
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Fic. 5. Tracing of films of hips; A, Case 111; B, Case vit. Fracture in (A) was through base of femoral neck 
rather than through junction of head and neck as in all the other patients in this series. Again note varus 
deformity in anteroposterior view of each case and lack of angulation in lateral views of each. 


Fic. 6. Tracing of films: A, right hip (Case v1); B, left hip (Case vi1). This is the patient with bilateral 
fractures. Again note varus in both anteroposterior views and absence of angulation in both lateral views. 


of 1,500 mc. hr. Also two way applicator flat 
for 1,000 me. hr. 

Case 11. Treated at another hospital. No 
data available. 

Case iv. 9,135 r/air of x-ray via trans- 
vaginal cone (3.8 cm. field) for total of nine 
treatments in ten days. (Filtration—1 mm. of 
platinum.) Also 2,100 r/air of x-ray to each of 
four portals (20 by 20 cm.) in thirty-three days. 

Casev. (1) Radium—4,000 mg. hr. through 
four foci, 10 mg. each for 100 hr. (2) X-ray— 
2,600 r/air via two posterior portals in fifty 
days; 2,200 r/air via two anterior portals in 
forty days; 1,600 r/air in one perineal portal in 
forty days. (Tumor dose to femur = 1,700 r.) 

Cases vi and vi. Same patient with frac- 
tures of both hips. (1) X-ray—z2,000 r/air to 


15 cm. in forty-four days. (Tumor dose to 
femur = 2,750 r.) 

The lapse of time between termination of the 
radiation treatment and proven hip fracture 
on x-ray examination averaged thirty-four 
months, with extremes varying from fifteen 
months to four and one-half years. This is 
comparable to other published reports. 

One very characteristic feature of these frac- 
tures is that in practically every instance pain 
antedates the proven fracture for a considerable 
period of time, and in our series this elapsed 
time averaged 1.7 months. Usually with a 
previous history of pelvic malignancy the occur- 
rence of such pain is only too often thought to 
be the result of metastatic bone involvement 
and undoubtedly many such patients are pu 
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down as incurable recurrent cancer victims 
without realizing the potentialities. The ma- 
jority of patients begin to complain of pain on 
weight-bearing mostly and, if x-rayed early, no 
fracture is found. Later the pain becomes sud- 
denly worse after prolonged walking or hurry- 


was by nailing under x-ray control without 
correction of the varus deformity in five, four 
of which went on to good bony union and 
recovery of function, and became asympto- 
matic. The fifth has been nailed less than three 
months ago and although pain is relieved and 


TABLE I 
| as | 
Case and Age Clinical Result 

1 (60) Nailing | Healed 6 mo. Excellent at 13 yr. 
1 (61) Nailing | Healed 6!5 mo. Excellent at 8 yr. 
(45) 1. Nail and plate —Ununited 15 mo. | Poor at yr. 

2. Revision and graft | 
Iv (68) Osteotomy Fibrous union | mo. Good at 2!% yr. 
v (49) | Judet replacement | 3 wk. Good at yr. 
vi (48) Right | Nailing Healed 3'6 mo. Good at 11 mo. 
vu Left | Nailing Healed 2 mo Good at 9 mo. 

Recurrent cancer of bladder (?) 
(79) Nailing ? ? Only 2'% mo. after operation 


ing and then shortening and external rotation 
of the leg develops. 

Postirradiation fractures of the femoral neck 
show what I believe is a very characteristic 
deformity and has not been described hereto- 
fore. On anteroposterior x-ray views the frac- 
ture is seen to begin at the upper margin of the 
neck where it joins the femoral head, starting 
as a small fissure with mild varus deformity of 
the head. As time goes on and if weight-bearing 
continues, the head goes into more and more 
varus while the fissure enlarges and the lower 
margin of the neck becomes impacted into the 
head. On lateral x-ray views the most striking 
finding is the lack of angulation ordinarily seen 
in neck fractures following bona fide trauma. 
(Figs. 3 to 6.) Seven of the eight fractures in 
this group were as described and that in 
Case 111 was through the base of the neck but 
still failed to show an angular deformity on the 
lateral view. This patient was the youngest in 
the series (forty-five years old). Her hip symp- 
toms began four and one-half years after pelvic 
irradiation; the fracture was openly reduced, 
fixed with a nail and plated, and subsequently 
lost fixation by virtue of the set screw holding 
the two coming out. Her hip was re-operated 
upon, again internally fixed and a bone graft 
placed across the fracture line. Fibrous union 
resulted, shortening occurred and pain per- 
sisted, giving a poor result. 


Treatment of the remaining hip fractures’ 
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the patient is on crutches without weight- 
bearing, it is too early to judge the result. 
Case 1v ‘“‘shopped around”’ for nearly three 
months after x-ray evidence of her fracture and 
in the meantime marked varus deformity and 
marked decalcification resulted. At operation 
the joint capsule was opened to see if it were 
feasible to correct the deformity and fix it with 
a nail. The femoral head showed slight but 
definite evidence of vascularity when drilled, 
but it was too soft to hold a nail. Consequently, 
an osteotomy of the Shantz type was performed 
to bring the weight-bearing axis of the femoral 
shaft beneath the head and acetabulum. The 
fragments were fixed with a goose-neck blade 
plate which later had to be removed because 
of absorption which allowed its inner end to 
impinge on the acetabulum. (Fig. 7A to D.) 
This patient still has fibrous union at the frac- 
ture site, but a stable and practically painless 
hip with mild limp when last examined two 
and one-half years after operation. She gets 
around with one cane most of the time. The 
remaining patient, aged fifty-nine, had diabetes 
mellitus and severe rheumatoid arthritis in her 
spine, both wrists and hands. It was therefore 
believed that she would have too much diffi- 
culty managing crutches during the period 
necessary for fracture healing, so it was decided 
to employ a prothesis in her hip instead of 
nailing it. At operation a Judet type of prosthe- 
sis was inserted. She was started on weight- 
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Fic. 7. Case 1v. A and B, anteroposterior and lateral views of right hip two and one-half 
months after sustaining fracture (proved by earlier x-ray examination). The varus had 
increased in the interim, but in spite of some absorption a lack of angulation still remains 
between fragments seen in lateral view. C, six months after osteotomy. Blade is scratch- 
ing acetabulum and had to be removed. D, ten months after osteotomy operation. Frac- 
ture healed by fibrous union; osteotomy healed by bony union. 
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bearing after three weeks. When last examined 
two and a quarter years later, she had only 
slight pain, moderate limp and was able to 


perform her housework without difficulty. 
(Table 1.) 


CONCLUSIONS 


1. Fracture of the femoral neck following 
irradiation for malignancy of the female pelvic 
organs is not rare. 

2. Pain preceding the fracture, or following 
it, must not be mistaken for bony metastases 
without definite x-ray confirmation of such and 
should assist the surgeon or radiologist in de- 
ciding that a fracture is imminent or due to the 
irradiation. 

3. The etiology of the complication is most 
likely a fatigue type of fracture resulting from 
continued weight-bearing on a hip weakened 
in its blood supply and bony strength by the 
heavy irradiation to which it has been sub- 
jected. Adductor muscle spasm may play a 
part in keeping up the pain and in the creation 
of the varus deformity. 

4. The fracture fragments show a character- 
istic varus deformity without lateral angulation. 

5. The lack of anatomic reduction at the 
time of operation in four of the five hips nailed 
did not interfere with fracture healing. These 
fractures will probably heal well in a high per- 
centage of cases if treated early before deformity 
and bony softening becomes exaggerated. 

6. Six of the eight postirradiation hip frac- 
tures in this series were in Negroes, but with 
such a small group it is impossible to say 
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whether any racial predisposition to bone 
brittleness after irradiation exists or not. 


Acknowledgment: Acknowledgment is grate- 
fully made to Dr. Harold W. Jacox for esti- 
mating and clarifying the types and amounts 
of irradiation received by the patients cited in 
this presentation. 
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The Treatment of ‘Trochanteric Fractures 
of the Femur by Internal Fixation 


Wa D. Jr., M.p., AND WILLIAM J. McCann, m.p., New York, New York 


From the Fracture Service, Department of Surgery, St. 
Clare’s Hospital, New York, N. Y. 


6 ideal in the treatment of fractures by 
internal fixation is adequate and complete 
immobilization at the fracture site. If this is 
attained, no further supportive or protective 
measures are necessary. The patient may be 
allowed out of bed soon after the operation 
thus avoiding many of the complications that 
occur with prolonged bed confinement. Ambu- 
lation is possible early and the hospital stay is 
significantly shortened. 

In the treatment of fractures of the neck of 
the femur it is generally agreed that the best 
results are obtained by internal fixation with 
the Smith-Petersen nail or one of its several 
modifications. Recently, increasingly favorable 
results have been reported in the treatment of 
trochanteric fractures by the use of internal 
fixation. 

In the four-year period from July 1, 1949, 
through June 30, 1953, 100 patients with 
trochanteric fractures of the femur were treated 
at the Fracture Division of St. Clare’s Hospital, 
New York. In eighty-seven (87 per cent) of 
these patients the fracture was treated by 
internal fixation. The results of this study are 
presented herein. 


CLINICAL STUDY 


In this series of 100 consecutive patients the 
fracture was either intertrochanteric or per- 
trochanteric in type. Subtrochanteric and iso- 
lated fractures of a trochanter alone were not 
included. There were sixty-six (66 per cent) 
women, thirty-two (32 per cent) men and two 
(2 per cent) children. The most common decades 
were the seventh and eighth. The youngest pa- 
tient was three years and the oldest eighty-nine 
years of age. The average age was 66.3 years. 
The average age among women was 70.7 and 
among men 57.8 years. 

In eighty-seven patients (87 per cent) the 
fractures were treated by internal fixation, in 


10 (10 per cent) by Russell traction-suspension 
and in 3 (3 per cent) by bedrest with pillow and 
sandbag support. The average hospital stay 
prior to operation was 5.4 days. Most of the 
patients operated upon were out of bed during 
the first week, averaging 4.7 days post- 
operatively. Walking with a “walker” or 
crutches was permitted on an average of 25.2 
days postoperatively. 

The average over-all hospital stay of the 
patients treated by internal fixation was 61.7 
days and the average postoperative stay was 
56.3 days. In seventy-eight (89.6 per cent) of 
the eighty-seven patients operated upon spinal 
anesthesia was employed. It was used alone in 
fifty-eight (66.6 per cent) and supplemented in 
twenty (23 per cent). In seven patients 
(8 per cent) general anesthesia alone was ad- 
ministered, and in two (3 per cent) local infil- 
tration anesthesia was used. 

In the eighty-seven fractures treated by 
internal fixation there was secure and com- 
pletely satisfactory fixation in seventy-four 
(80 per cent). In thirteen patients (15 per cent) 
the results were unsatisfactory. Six of these 
patients were reoperated upon with satisfactory 
results. Internal fixation devices were used in 
five and a corrective osteotomy was performed 
on one. 

This brought the number of cases securely 
fixed by internal fixation to eighty or 91.9 per 
cent of the eighty-seven patients subjected to 
operation. In five of the thirteen patients, be- 
cause of insecure fixation, supplementary treat- 
ment by either traction-suspension or immobi- 
lization in a plaster spica was used. The two 
remaining patients with unsatisfactory results 
died of complications following the first 
operation. 

There was a total of thirteen deaths (13 per 
cent) among the one hundred patients treated. 
Of these, eleven (11 per cent) were post- 
operative deaths and two (2 per cent) occurred 
in the group of thirteen who were not operated 
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upon. There were no deaths attributable to 
spinal anesthesia. The complications, both 
among those who were operated upon and 
those who were not, were usually associated with 
advanced age and are depicted in Table 1. 


TABLE I 
COMPLICATIONS AND MORTALITY IN 100 CONSECUTIVE 
PATIENTS 


Number | Deaths 


Pulmonary: 
Infarction...... 

Cardiovascular: 
Cardiac failure.......... 2 
Coronary occlusion.............. 3 I 
Cerebral hemorrhage............ I 
Thrombophlebitis............... 4 
Popliteal embolism... .. I 


Wound: 
2 


Other complications: 
2 
Disengaged bolt................. 2 
Femoral shaft fracture........... 
Decubitus ulcer................ 15 
Peroneal nerve palsy............ 
Gas gangrene infection.......... 
2 
Hemologous serum jaundice...... 
Sentle psychosis................. 4 
Transitory renal shutdown....... I 
Perforated peptic ulcer........... I 


SURGICAL TREATMENT 


Preoperative Preparation. It is our belief 
that trochanteric fractures do not constitute 
surgical emergencies. The operation is con- 
sidered elective and is usually performed be- 
tween the second and seventh day after injury, 
the average being 5.4 days. During this interval 
of delay symptomatic and supportive therapy 
is administered according to the particular 
needs of the patient. Each patient is rigidly 
individualized and consultation with both the 
internist and the anesthesiologist is a routine. 
When the patient is believed in optimum con- 
dition, the operation is performed. 

An adequate reduction of the fracture is a 
primary requisite for fixation. It is confirmed 
both clinically and by anteroposterior and 
lateral roentgenograms. 
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Technic. In the operative treatment of frac- 
tures about the hip spinal anesthesia is pre- 
ferred. Although its use is objected to by 
many, its advantages are believed to exceed its 
proclaimed disadvantages. 

A lateral incision approximately 8 inches in 
length, which extends distally from the summit 
of the greater trochanter, is employed. Upon 
exposure of the femur a triangular segment of 
the cortex about 1 inch distal to the trochanter 
is removed. Through this aperture a calibrated 
Steinmann pin (8 inches) is inserted through 
the neck of the femur by use of a hand chuck. 
Anteroposterior and lateral roentgenograms are 
then taken. If the position of the pin is satis- 
factory, a nail of proper length is inserted over 
it. Another set of roentgenograms is obtained 
and the position of the nail is confirmed. If the 
alignment of the nail is correct, its insertion Is 
completed and the extension bar is applied. 
The wound is cleansed and a layer closure is 
performed. 

Postoperative Care. In the immediate post- 
operative period the patients are assisted and 
encouraged to move about actively in bed. 
Active muscle exercises are prescribed. Within 
the first week many patients are able to per- 
form active straight leg elevation without diffi- 
culty. The majority are out of bed during the 
first week and by the end of the second week 
many are walking with the aid of crutches or 
support. 

Complications and Mortality. The complica- 
tions and mortality in this series are listed in 
Table 1 and are similar to those reported by 
both Cleveland! and Lewis.’ 


COMMENT 


It is believed that the treatment of inter- 
trochanteric and pertrochanteric fractures by 
internal fixation is superior to that obtained 
by any other method. The efficacy of the treat- 
ment by this procedure is illustrated by the 
fact that in eighty (g2 per cent) of the cighty- 
seven patients operated upon the reduction was 
maintained throughout the healing period. 

The series presented was that of a general 
hospital in a large metropolitan area serving a 
cross section of the population. The uniformity 
in the method of treatment was evolved 
through the exchange of ideas at the regular 
staff conferences and periodic evaluation of the 
results obtained. The low mortality rate, par- 
ticularly those deaths directly attributable to 
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operation, is believed noteworthy. Spinal anes- 
thesia, despite the advanced age of the majority 
of the patients and the many theoretic objec- 
tions to its use, has proved entirely satisfactory. 


CONCLUSIONS 


1. A trochanteric fracture is not a surgical 
emergency. 

2. The type of anesthesia selected should 
conform to the individual needs of the patient. 
Spinal anesthesia is preferred. 

3. In the treatment of trochanteric fractures 
of the femur by internal fixation the morbidity 
and mortality is lower and the results achieved 
are better than by any other method of 
treatment. 


SUMMARY 


In the four-year period from July 1, 1949, 
through June 30, 1953, 100 patients with 
trochanteric fractures were treated. In eighty- 
seven (87 per cent) the fracture was treated by 
internal fixation, and in eighty (92 per cent) of 
them the final result was completely satis- 
factory. In thirteen (13 per cent) the treatment 
was non-operative. 

There were thirteen deaths or an over-all 
mortality of 13 per cent. Of the eighty-seven 
patients operated upon there were eleven 
hospital deaths (12 per cent) either directly or 
indirectly related to the operation. 
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DISCUSSION OF PAPERS BY DRS. SMITH, 
AND LUDLUM AND McCANN 


Harrison L. McLauGuuin (New York, N. Y.): 
I would like to ask Dr. Smith why these hips, 
which are consistently vertical and subcapital, 
do not develop aseptic necrosis as do similar 
fractures in normal bone. I would also like to 
ask why these hips heal. Why does not the necrosis 
of radiation in bone progress, as in other tissues, 
rather than apparently regress? 

There is a third point with respect to Dr. 
Smith’s paper which he did not mention and which 
I believe is important. The most recent patient 
encountered passed through the rigorous examina- 
tions of an excellent orthopedia clinic eight months 


prior to breaking her hip. She complained of 
hip pain. No findings were educed and she was 
discharged. 

These people have pain for many, many months 
before the bone collapses or shows evidence of 
necrosis. | am quite convinced that any patient 
with a history of pelvic irradiation in tumor doses 
who complains of pain in either hip should be 
checked by x-ray every few months; and | am 
not sure that in some of them prophylactic nailing 
may not eventually be indicated. 

I would like to say a word about Dr. Ludlum’s 
paper because the majority of his cases were fixed 
by what he called the McLaughlin bar. In 1948 
I presented to the Association this adjustable 
gadget for fixing a trochanteric fracture, and made 
the statement that none had slipped. Too many 
of our cases subsequently came apart, and the 
adjustable bar as originally described, which 
was locked by a set screw, is undependable. | 
do not use it. 

It is still used and sold in large quantities and 
that is not the fault of the manufacturers. It is the 
fault of the surgeons who insist upon having a 
nail which can be used alone or in combination 
with a plate. This amounts to jeopardizing the 
patient’s welfare for reasons of economy and 
convenience. This mechanical defect has been 
rectified, but I would like to take this opportunity 
to state that the adjustable device as originally 
described, which was locked in place by a set 
screw, should not be used. A modified device held 
together by a plastic locknut has proved simpler 
and safer and provides secure fixation. 

STEPHEN SYLVESTER HupAck (Cleveland, Ohio): 
I would like to discuss Dr. Smith’s paper. This 
is an extraordinary lesion and merits, | believe, 
special study. Dr. McLaughlin spoke about the 
pain in these lesions which usually precedes the 
fracture. In ordinary trauma to hips the pain, 
of course, arises mostly in the capsule and the 
fibers in the capsule, but there are other con- 
siderations that merit at least mention. 

How much “scatter” effect was there and could 
quite a bit of the irradiation be screened out 
from the intrinsic vascular supply and compared 
with the capsule structures? 

Biopsies of these lesions may give some idea 
of the relative injury to the vessels outside and 
inside the bone. 

Answering Dr. McLaughlin’s comment, it 
seems to me that probably a continuous process 
of slow death and replacement takes place. Of 
course, one of the really interesting factors in 
these lesions is the fact that the fractures take 
place in elderly women who, by probability, are 
subject to osteoporosis and hormonal imbalance. 
The fact that these fractures heal implies that 
the vascular supply, at least to the intrinsic vessels, 
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has not been damaged too much by irradiation 
although there may be enough injury to the 
extrinsic and capsular vessels so that there is a 
great deal of scarring in the structures they supply. 

Freperick M, Situ (closing): In answer to 
Dr. McLaughlin’s question about why these 
femoral heads do not go on to aseptic necrosis, | 
cannot definitely answer that, except I do not 
believe the blood supply is as bad as most people 
think it is following the irradiation. 

He also asked why the irradiation does not 
prevent fracture healing. Again, I think the heads 
have a better blood supply than we believe they 
ordinarily have, and in the second place, in this 
particular group of cases most of the heads were 
left in the position in which we found them, that is, 
the varus position. The fracture fragments were 
not pulled apart and retraumatized but were 
nailed just as they lay. He also brought up the 
question of possible prophylactic nailing. I think 
that is something to be seriously considered, but 
how you are going to persuade a person who has 
not broken her hip that it might break and undergo 
nailing | do not know. 

I had a woman come to my office four or five 
years ago before I got very interested in these 
patients and I did not think we would ever collect 
eight such cases. Unfortunately I cannot recall 
her name, so I am unable to get a follow-up to 
learn if her hip has broken. I described the ex- 
perience of the other patients to her at that time, 
stating that once they started to have pain they 
ultimately sustained a fracture, but she would 
have none of it. 

In answering Dr. Hudack’s question on the 
radiation effect on the capsule, I should say that 
in the one case which I opened and eventually 
performed an osteotomy there was very definite 
thickening of the capsule. There was no question 


about it; it was thicker than a normal hip joint 
capsule. | am not certain whether or not that 
represented irradiation fibrosis, but a good many 
of these cases have had perivascular fibrosis 
reported. Some had thinning of the bony trabeculae 
and some pathologists have noted what they call 
fatty infiltration of the marrow spaces. I do not 
have the actual pathologic figures here from the 
literature, but none that I recall had any particular 
perivascular infiltration other than fibrosis, that 
is, no actual inflammatory reaction. 

It is my impression that these fractures are 
fatigue fractures, and why they are brought on by 
the irradiation I cannot tell. I also cannot tell 
why fatigue fractures (either of this type or in the 
march fracture of the metatarsal) have pain. It is 
certainly known that patients with march fracture 
of the foot have pain long before they develop 
the fracture because a great many of those who 
have complained of pain on walking have been 
x-rayed and nothing is found until later when 
they notice either increased pain or a swelling 
of the dorsum of the foot. Then they are again 
x-rayed and the fracture is found, and usually by 
that time they have visible callus formation. 

There are a lot of things here we cannot answer 
and I hope the members will keep their eyes open 
and try to take care of these fractures. Perhaps 
some day we may find out more about them. 

Wa ter D. Luptum, Jr. (closing): I will make 
only one short remark. As Dr. McLaughlin is 
playing down the device which bears his name, I 
will say we had the same experience he alludes 
to in that the device with the set screw did dis- 
engage on occasion; but since an improved device 
has been available which we began to use very 
early in this series, we found it strong and secure. 
It does not break or disengage. 
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The Treatment of Chronic Osteomyelitis 
with Flaps 


Epwarp A. KitLowskI, M.p., University of Maryland School of Medicine, Baltimore, Maryland 


7. are still some patients who have 
chronic draining areas from old osteo- 
myelitis. Frequent incisions for drainage have 
left the soft parts around the bones infiltrated 
with scar. The scarring has caused a fibrosis 
between and in the muscles, interfering with 
the circulation. This decrease in circulation pre- 
vents the area from healing permanently. The 
persistence of the ulcerations continues to in- 
crease the fibrosis and defeats all efforts of the 
area to heal. 

The only possible solution of the situation is 
to break this vicious circle. The fibrosis must 
be eliminated as much as possible by excision 
of indurated areas around the bone, exposing 
muscle bundles by stripping the fascia from 
them whenever possible and relaxing any tight 
skin areas. The exposed bone is cleaned by 
removing the diseased areas with a chisel. 
Often it is necessary to saucerize the area to 
permit the graft to fit without leaving a dead 
space beneath. These procedures tend to ease 
the tightness and so help to increase the blood 
supply. It is necessary to preserve the relaxa- 
tion by utilizing flaps whenever possible. 

Flaps can be secured from the same leg on 
either side of the tibia. The flaps should be 
raised and replaced for ten days to two weeks. 
The flaps are double pedicle flaps, including all 
of the subcutaneous tissue to the fascia, and 
should be made as broad as possible but not 
meeting behind. This procedure will include 
all of the blood supply except the vessels 
coming up through the fascia which are 
ligated. The delay in shifting the flaps permits 
the circulation to adjust itself, thus avoiding 
the shifting of an area which may become 
necrotic. It is advisable to carry out this 
procedure in all patients over twenty years of 
age, especially if there has been prolonged 
osteomyelitis. In fact it is best to delay the 
flaps even in those patients in whom the area 
has been healed and a repair is contemplated 
to assure durable healing with a covering of 
skin and fat over the bone. (Fig. 1.) 


After the flaps have been shifted, the areas 
on the sides should be grafted. The outer 
margins of the flaps should be sutured to the 
base so that they will not tend to pull away 
later as the grafts shrink. In some cases in 
which esthetics are a factor the grafts can be 
excised after a year and eliminated. The area 
can be covered with a flap from the opposite 
leg. It is advisable to raise a double pedicle 
flap on the calf and replace it. Ten days to two 
weeks later the distal pedicle is gradually 
severed under local anesthesia. It is advisable 
to cut the pedicle gradually, the outer thirds 
being severed at one time and the middle a day 
or two later. This method permits the circula- 
tion to adjust itself. The flap can then be 
raised from its base by blunt dissection and 
sutured into the planned area after the in- 
durated tissue and exposed bone have been 
prepared. The defect on the calf can be covered 
with a split graft at this time or after the 
proximal pedicle is severed. The position 
necessary for immobilization often necessitates 
placing one leg over the other with the danger 
of causing a pressure slough over the ankle. 
(Fig. 2.) 

There are times when it is not possible to 
take a flap from either leg and it must be 
secured from a distant source, as the ab- 
domen. A double pedicle tubed flap of sufficient 
size is raised on the abdomen. The flap is per- 
mitted to adjust itself for two weeks before 
the distal end is severed. It is best to raise the 
flap more or less parallel to the ribs on the 
abdomen. This position offers easy closure of 
the defect made by raising the flap and keeps 
the flap in one circulation. The distal end of the 
flap can then be attached to the hand or on the 
thigh in a location which will make its transfer 
to the intended site possible. The time between 
transfers of the flap must be sufficient to assure 
adjustment of the circulation which will now 
be reversed. Tests show that this transfer can 
be made safely after three weeks. The flap can 
then be sutured into the desired area and 


a 
f 
> 
te x 
s 
) 
ad 
= 
We 
a4 
« 
351 
af 


Chronic Osteomyelitis 


1A 1B 


Fic. 1. A, chronic ulcer with osteomyelitis involving most of the tibia; long duration. The other leg had been ampu- 
tated, making this leg very important. B, double pedicle flaps had been raised and replaced for two weeks to assure 
circulation. The defect made by the shift of the flap was grafted. C, other side of leg showing grafted area and sutured 
incision over the tibia. These flaps gave a durable cover over the bone which was cleared of any infected bone at the 
time of shifting of flaps. 


Fic. 2. A, pressure slough from a cast; the necrotic exposed bone. B, double pedicle flap raised on the outer side of 
the upper calf in an area which would permit the flap to be shifted into the defect. C, flap raised after two weeks. 
Pedicle was severed over three days by partial cutting from both edges and sutured into the area after the base areas 
were cleaned. The defect on the calf was grafted. D, six months later; area healed. 


Fic. 3. A, chronic ulcers with osteomyelitis over the patella and tibia in a leg 
with contracted burn scars. B, double pedicle tubed flap raised on abdomen to 
replace contracted scar. C, flap inserted over patella. Ulcer over tibia healed after 
scar was relaxed. The osteomyelitis was very superficial. 
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Fic. 4. A, fracture of both bones of leg which is held in traction by a pin. The 
denuded skin area was covered with a graft, leaving the exposed bone ends 
open. A cast was placed on the leg to keep it immobilized and to remove the pin. 
Patient was seen weeks after the original injury. B, double pedicle flap was 
raised on the abdomen and after two weeks a rubber band was placed on the 
end toward the midline to cut off the circulation gradually. C, distal end of the 
flap was sutured into the hand and kept in this position for three weeks to 
assure the reversed circulation. The other end of the flap was then cut after the 
circulation had been gradually cut off by a constricting rubber band. D, flap was 
sutured into the thigh of the other leg because the leg could not be flexed be- 
cause of the fractures. A rubber band was put on the flap near its attachment 
to the hand to cut off the circulation gradually after three weeks. The discolored 
area on the thigh was the source of the skin graft originally used to cover the 
denuded soft parts. E, flap severed from the thigh after it had been sutured 
into the upper end of the defect and the exposed bone trimmed. F, distal end 
of flap sutured into defect covering the area. The fibula has united. There is 
very little shortening. A bone graft will be put into the tibia at a later date. 
Patient is walking with the aid of a brace. 
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Chronic Osteomyelitis 


5F 
Fic. 5A to F. A, compound fracture lower leg, both bones, with some loss of soft parts. Decision made to save foot 
because the circulation seemed to be fair. B, bones plated into position and skin and soft parts closed over area. The 
trauma had devitalized the skin so that it died, leaving a necrotic area over the tibia. C, x-rays show multiple frac- 
tures and displacement of both bones of the lower leg. D, skin over the tibia had sloughed leaving exposed bone. E, 
healing of soft parts reduced the size of the defect, leaving necrotic, exposed bone. There was no healing of the bones. 


F, plate with screws in place on the tibia. There was osteomyelitis in the fragments of the tibia. The plating was on 
the inner side of the bone so it was not evident in the exposed bone. 
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Fic. 5G to M. G, tubed double pedicle flap raised on abdomen. H, flap sutured into hand after two weeks. I, flap 
sutured into lower end of defect in leg after part of the necrotic bone was removed. The buttons were used to make 
the flap adhere to the base. J, flap in place at the lower end. The plate with its screws still present in the upper end. 
K, upper portion of the necrotic tibia with the plate removed and the upper end of the defect closed. L, flap sutured 
into the area; lower leg unstable; leg kept in cast to preserve length. M, x-ray after flap had been healed. No evi- 
dence of osteomyelitis; fibula is healing. Defect in tibia will be reconstructed with a bone graft. 
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Fic. 6. A, old osteomyelitis present for over twenty-five years. Skin on both 
sides of defect badly scarred. Patient has hypertension. B, flaps raised on either 
side of defect which had such poor circulation that only portions could be used. 
The relaxation of the raising and shifting of the flaps improved the circulation. 
After the flaps were shifted the denuded areas were grafted, getting a satisfac- 
tory healing. 


severed in about two weeks since it has been 
opened for one-third to one-half its length, 
hence giving a wider circulation than it has 
at its attachment to the hand or the thigh. 

Before the flap is sutured into the defect, the 
fibrous tissue caused by the healing of the flap 
to its base or in the tubing must be removed, 
care being taken to avoid taking as little fat 
as possible. If this is not done, the flap will 
raise as the fibrous tissue contracts, resulting 
in a poor cosmetic result. (Fig. 3.) 

The introduction of normal skin and fat into 
a fibrous area which has been relaxed by ex- 
cision permits the circulation to adjust itself 
and assure permanent healing of the leg. (Figs. 
4 and 5.) Sometimes it is not possible to secure 
a flap and transplant it to the involved area. 
The immobilization required for the implan- 
tation of a flap may not be advisable in an 
elderly patient who may have hypertension or 
some cardiac complication. Relaxation of the 
surrounding indurated tissue and débridement 
of the bone will aid in improving the circula- 
tion. A graft is then placed over the denuded 
area. A split graft can be used as an imme- 
diate coverage or small deep grafts can be 
placed after forty-eight hours. The split graft 
will have some contracture which may result 
in some breakdown in the grafted area. The 
small deep grafts, which are small, whole- 
thickness skin grafts, will result in a more 
durable healing. Correct postoperative care 


will give a smooth healed area. This simply 
requires snug bandaging until the grafts join, 
a matter of about two weeks if the excision has 
been satisfactory. During the healing period in 
all of these conditions antibiotics are used to 
control infection. The general condition of the 
patient is carefully watched and appropriate 
measures are taken to keep the patient in the 
best possible condition. (Fig. 6.) 


SUMMARY 


Chronic osteomyelitis frequently fails to 
heal because of the fibrosis in the soft parts 
which reduces the blood supply. The circulation 
can be improved by excision and relaxation of 
the indurated and fibrosed areas and covering 
the defects with normal tissue. 

The most desirable coverage is with skin and 
fat in the form of flaps. 

The flaps can be secured from the sides of 
the same leg if the tissue is fairly normal and 
the defects created by the shifting flaps can be 
covered with split grafts. 

The flap can be secured from the opposite 
leg or the abdomen if the tissue on the affected 
leg is not satisfactory for a shift. 

In case it is not possible to cover the area 
with a flap, skin grafts either as split grafts or 
small deep grafts can be used to cover the 
defect created by excision of the indurated 
tissue around the involved bone which is also 
clean to permit grafting. 
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University’s 1952. football season 
was noteworthy in that within two weeks 
both a rupture of the lateral and of the mesial 
collateral ligament occurred. These were diag- 
nosed on the field when great laxity was mani- 


TABLE 1* 
Preoperative diagnosis: 
Postoperative diagnosis: 
23 
Chondromalacia patellae...................... 6 
Anterior cruciate 5 


Osteochondritis dissecans.................... 
* This table illustrates the important findings in ie 
typical internal semilunar cartilage injury. 


fest. Appropriate surgery was carried out as 
soon as possible. 

Usually in each football season there are 
about four knee cartilage type injuries which 
require surgery. Such severe ligament injuries 
are uncommon. In the past five years there 
have been thirty-three knee cartilage type 
injuries which came to operation. Table 1 gives 
the preoperative diagnosis and the pathologic 
condition found. The frequency of infrapatellar 
fat pad, anterior cruciate ligament and patellar 
damage which accompanies these “internal 
derangements” is worthy of emphasis. It is 
important to examine the interior of the joint 
thoroughly at operation. This can be done 
through a small incision paralleling the patellar 
tendon and extending proximally only when it 
is necessary to smooth the patella. 

Table u illustrates the more exact diagnosis 
that is possible when the symptoms and signs 
do not suggest merely a “‘mesial meniscus 
damage.” 

The great bulk of the thirty-three injuries 
were sustained by football players. About eight 
occurred in wrestlers, lacrosse players and other 
active athletes. Over one-fourth of the victims 
had had some “trouble” with the knee in high 
school. 


Cartilage and Ligamentous Lesions of the 
Knee in Athletes 


H. RENo, m.p., Bethlehem, Pennsylvania 


The problem is handled as follows in the 
typical football knee injury. After each knee 
injury, whether mild or severe, rest and physio- 
therapy are used until the joint becomes quiet. 
Crutches are urged but are difficult to enforce 


TABLE 11* 


Preoperative Diagnosis Postoperative Diagnosis 


Lateral meniscus....... 3 | Lateral meniscus....... 3 
Lateral and mesial me- ee 2 
3) 1| Mesial meniscus, pos- 

I terior cruciate, fat 
Mesial meniscus, plus 5-0 I 
anterior cruciate..... I 


* This table illustrates the more definitive diagnosis 
when it is not a typical knee cartilage injury. 


because these men will not use them unless the 
joint is very painful. Progressive resistance 
exercises are continued throughout the season 
until Christmas. The player may return to the 
game during the season if: (1) he can com- 
pletely extend the knee ten times using 70 to 
go pounds of weight on the foot; (2) he can be 
observed to run hard, cut to either side and 
stop suddenly on each foot without hesitancy. 
All such injuries are re-evaluated in the 
second week of December. If a definite dis- 
abling injury is still certain, surgery is planned 
for the Christmas vacation. If doubtful, the 
athlete continues his physiotherapy routine and 
is again examined prior to Spring training. This 
period of play is a test for the need of surgery 
later that Spring and also a test for the recovery 
of those operated upon in December. The 
previously mentioned criteria of a good joint, 
suitable for active athletes, are used. 
Approximately one-fourth of the patients 
with knee injuries eventually require surgery. 
The others respond to conservative care, of 
which the progressive resistance exercise rou- 
tine is the most important factor in protecting 
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Cartilage and Ligamentous Lesions of Knee 


the knee against repeated injuries which would 
lead to eventual surgery. 

Collateral ligament repair is usually feasible 
by approximating tissue and using adjacent 
muscle fascia as free or pedicle transplants to 
reinforce the repair. Tendons or portions of 
tendons may be re-routed to reinforce the re- 
paired ligament. 
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The importance of progressive resistance 
exercises cannot be too greatly emphasized. 
The best surgical technic is valueless if pre- and 
postoperative progressive resistance exercises 
are not used. Because a lifting weight of 70 to 
go pounds for ten excursions is insisted upon, 
all the men have again played football or other 
vigorous sport. 
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Role of Trauma in Hernia in the 


Middle-aged Laborer 


Joun T. Bate, M.p., Louisville, Kentucky 


“ would be out of place to discuss inguinal 
hernia were it not for the fact that in many 
states the law holds that trauma is the cause 
and the employer liable. 

I regret the confusion as to the title of this 
paper, since I have seen no instance in which I 
believed trauma the primary cause in either 
indirect or direct hernia. However, I believe 
that strains, lifts and falls not infrequently 
cause symptoms and thus draw attention to 
the condition. Occasionally, the sac is stretched 
or enlarged by the trauma. 

To speak on inguinal hernia is like carrying 
coals to New Castle, because of the work of 
MacArthur, Ferguson and the many cogent 
articles presented by Edmund Andrews during 
the 1920’s and 1930’s and because of his bring- 
ing again to the attention of the profession the 
imbrication operation of E. Wyllys Andrews. 

Edmund Andrews pointed out that the 
original Bassini operation closed the trans- 
versalis fascia, but that most operators over- 
looked this and merely sutured the internal 
oblique muscle to Poupart’s ligament; and 
that even if the Bassini operation is performed 
according to the original technic, it is ana- 
tomically and physiologically unsound because 
the conjoined tendon as seen in the cadaver is 
rarely seen in the operated patient in whom it is 
a red muscle which does not heal to Poupart’s 
ligament no matter whether absorbable or 
non-absorbable sutures are used, and which 
is often inserted at its most distal area into the 
sheath of the rectus muscle instead of into the 
pubis, thus preventing apposition to Poupart’s 
ligament at its lowest part. Suturing it causes 
atrophy and prevents the normal sphincter 
action of the internal oblique and cremasteric 
muscles. 

However, a contemporary hernia scholar, 
Amos Koontz, has reported favorably on the 
Cooper ligament repair. When no transversalis 
fascia is present, he advises suturing the inter- 
nal oblique to it, saying, “‘It has been, I believe, 
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amply demonstrated that muscle will grow to 
fascia if the areolar tissue is carefully removed 
from both structures before they are sutured 
together. It has also been demonstrated that 
the union is in reality a fascia to fascia union, 
the fibrous components of the muscle forming 
the union with the fascia and the muscle fibers 
themselves being completely inert in the 
process.”” Perhaps the answer to the divergent 
views of Andrews and Koontz lies somewhere 
in between. 

Along with many surgeons I had compla- 
cently thought that I understood the secret of 
successful repair until several recurrences came 
to my attention. The discussion by our dis- 
tinguished former secretary, Dr. Charles Johns- 
ton, of a paper on the repair of inguinal hernia 
using the cremaster muscle lead me to endeavor 
to investigate my own personal cases in order 
to see which operation gave the best results. 
We succeeded in finding the records of 208 
hernia operations in 175 patients performed 
from 1940 to 1950. No Army cases are in- 
cluded. There was one woman boarding house 
operator. The rest were adult men, the majority 
performing labor or skilled labor, and most of 
them in the fourth and fifth decades of life. 
No operation could be described as typical, but 
each could be classified in general as: repaired 
internal ring only, one operation; Ferguson, 
forty-two operations; Bassini, 121 operations; 
MacArthur, two operations; Andrews, thirty- 
seven operations. Five operations for strangu- 
lated indirect hernia in four patients were 
reported. One operation for strangulated hernia 
proved to be acute appendicitis incarcerated in 
an indirect sac. 

In my early cases the indirect inguinal 
hernias with a small or relatively small sac 
and internal ring and a satisfactorily strong 
Hesselbach’s triangle region were repaired by 
high suture ligation of the sac, suture of the 
internal oblique and conjoined tendon to the 
region of Poupart’s ligament and overlap of 
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the external oblique without transplanting the 
cord. Until 1943 No. 2 chronic catgut was used. 
Since then no repairs by this method have been 
made and No. 00 chromic catgut or No. 0000 
silk have been used, in deference to the prevail- 
ing opinion that small sutures caused less 
wound reaction. 

The Bassini type operation was used when 
there was some weakness of the structures in 
Hesselbach’s triangle as estimated by finger 
palpation both within and without the ab- 
dominal cavity, and in some direct hernias. It 
was also used for some indirect hernias in 
which the internal ring was moderately large 
and the transversalis fascia seemed adequate. 
Some were repaired with interrupted No. 00 
chromic catgut and some with interrupted 
No. ooo0 silk. Interrupted silk was used in the 
individuals with the weaker structures. The 
transversalis fascia, the internal oblique and 
the external oblique were always sutured in 
separate layers. Until the last four years the 
external oblique was always overlapped. 

The MacArthur operation was used in re- 
current hernias only, a strip of fascia from the 
external oblique left attached at its distal part 
being used to suture the internal oblique to 
Poupart’s ligament. In these cases no definite 
transversalis fascia could be identified, so the 
strongest repair possible, by using the dissected 
tissues, was improvised. No. oooo silk was used 
to anchor the fascia and complete the repair. 

Although I devised one of the first fascia 
strippers, an instrument which was being tried 
for me by the late Dr. Harry Lyle at St. Luke’s 
Hospital, New York City, at the time the 
description of another was published, I have 
not used the Gallie type repair. 

The Andrews’ repair was used in patients 
with excessive fat and poor quality of trans- 
versalis fascia. Each layer was sutured sep- 
arately with interrupted fine silk, a new in- 
guinal canal being made between the two layers 
of the external oblique muscle. 

A Cooper ligament repair was incorporated 
into seven Andrews’ type repairs. 

Tantalum mesh was used in two patients, 
each with a large, fat, tense abdomen and no 
transversalis fascia, and a recurrent direct type 
hernia or large fat bulge. When the cord was 
large due to veins or fat, the condition was 
remedied. 

One patient operated upon with 1 per cent 
procaine local anesthesia by a modified Fer- 
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guson technic in 1940 died in the hospital from 
a pulmonary embolus on the fifth day. His 
age was fifty-five but he appeared ten years 
older. He was advised to continue wearing a 
truss but’ refused. He thought that movement 
in bed would cause the hernia to recur so he lay 
quietly though he was repeatedly advised to 
exercise actively. This occurred in 1940 before 
the general attention to exercises, anticoagu- 
lants and earlier ambulation. 

One patient developed thrombophlebitis 
while in the hospital. This man was given 
penicillin prophylactically after Bassini repair 
for left indirect inguinal hernia under spinal 
anesthesia. He was also given 40 gr. of enteric 
coated sodium salicylate daily, as I hoped this 
would prove a preventive of phlebothrombosis. 
Swelling of the left leg and tenderness in the 
femoral region developed after being out of bed 
one day, the sixth day after operation. I thought 
that he sat too long in a chair with the femoral 
vein possibly compressed. 

After heparin and dicoumerol therapy and 
elastic support hé made a satisfactory recovery 
without post phlebetic sequelae. 

An effort has been made to re-examine these 
patients but to date only forty-five have 
presented themselves for this purpose. I regret 
that all could not have been examined for this 
report. Letters have also been sent to the 
surgeons in our community requesting infor- 
mation on any of my recurrences which have 
come to their attention. To date they have 
reported two cases both previously known to 
me: An acute ruptured appendix was removed 
from a right indirect sac and no attempt was 
made to repair the hernia except to remove the 
sac. Another surgeon reported a direct in- 
guinal hernia on this side. When last examined 
by me, the patient had a direct weakness but 
not a complete hernia. The second patient is 
the one involved in Case tv reported herein. 

The following patients presented themselves 
for follow-up examination: 


Case 1. A railroad brakeman was operated 
upon for a strangulated hernia on each side on 
different occasions. Both hernias had been present 
for a sufficiently long time so that the tissues were 
swollen and edematous. The sac was removed in 
each, but no effort was made to repair the hernia 
other than to close the wound as anatomically as 
possible. An incarcerated hernia is now present on 
each side. He repeatedly delayed operation and 
finally refused. 
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The other four cases were Bassini type re- 
pairs with chromic catgut. One, a bilateral 
pantaloon hernia, recurred on one side. 


Case tu. In 1940 a Bassini type repair was 
made under local anesthesia for a right indirect 
inguinal hernia in a man who gave his age as 


fifty-three. It was noted on the operative report 


that this transversalis fascia and external oblique 
were of poor quality. When examined in 1953 he 
gave his age as seventy-five, and stated that one 
year after the operation he had contracted a severe 
cough. Shortly after this he noted a hernia on each 
side. He apparently was nine years older than the 
age he gave at the time of operation, i.e., sixty-two 
years old. 

Caseut. A forty-two year old man with a right 
indirect hernia was repaired by the Bassini technic 
using No. 00 chromic catgut. Before he returned 
to work, I noted in my final report a bit of fat 14 
inch in diameter presented at the external ring. 
Another surgeon operated two years later and 
reported a direct hernia. 

Case iv. A forty-five year old man was oper- 
ated on in 1948 for a bilateral hernia. A direct sac 
was found on the left, but on the right no indirect 
or direct sac was found. In 1951 he returned with 
a small bulge at the right external ring. Another 
surgeon reported a direct hernia although he did 
not operate. When re-examined by me September 
17, 1953, the patient had a definite right inguinal 
hernia. | was not sure whether it was indirect or 
direct, but thought it to be direct. A Bassini type 
repair had been performed with No. 00 chromic 
catgut and the external oblique was overlapped. 

Case v. A sixty-three year old assistant shop 
superintendent had a bilateral Bassini repair for 
a direct hernia. On each side the sac was pulled 
above the inferior epigastric vessels, closed with 
No. oo plain catgut and a Bassini repair with over- 
lapping of the external oblique performed, using 
No. 00 chromic catgut sutures. On the left side a 
small protrusion was noted before he returned to 
work, It was thought to be fat, but two and a half 
years later it was obviously a direct recurrence. 


If all of these cases are accepted as recur- 
rences, the percentage of recurrence in those 
who returned for follow-up examinations would 
be 11.1 per cent of forty-five patients, or 10.6 
per cent of operations. If the case of acute 
appendicitis and the case with bilateral 
strangulated hernias in which no repair was 
attempted be excluded, the recurrence rate is 
8 per cent. 

I believe this is too high because most of 
these cases were industrial or railroad employ- 
ees and it is very probable that most recurrences 
would be brought to my attention. 
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If the four recurrences are considered the 
only recurrences in 208 operations, the recur- 
rence rate would be 2 per cent. I believe this 
is too sanguine. I hope that it is not over 
4 per cent. 


CONCLUSIONS 


From this experience I have modified my 
practice and drawn the following conclusions: 

1. When there is a relatively small indirect 
hernia only, I repair the internal ring in the 
following manner: After ligating the sac as high 
as possible, I retain the sac for downward trac- 
tion while upward traction has been made on 
the internal oblique. Enough No. ooo or No. 
0000 interrupted silk sutures are inserted 
through the tissues I believe to be the trans- 
versus abdominis and transversalis fascia on 
each side of the defect to make a tight closure. 
The sac is then excised, allowed to retract and 
the silk sutures are tied. I may or may not 
place one or two sutures in the internal oblique 
to bring it well over the internal ring, if its 
origin from Poupart’s ligament seems too high. 
The cord is not transplanted. I no longer over- 
lap the external oblique because, should a re- 
currence or a direct hernia develop, perform- 
ance of the Andrews’ imbrication operation 
might be prevented. However, in two Bassini 
repairs which recurred, the external oblique 
was not overlapped. 

2. When there is a direct hernia or decided 
weakness or deficit of the transversalis fascia, 
I will perform the Andrews’ imbrication opera- 
tion if there is sufficient external oblique for 
this purpose. When there is not sufficient 
external oblique, I try a tantalum mesh im- 
plant or possibly reflect the sheath of the 
rectus. I have not used the latter operation in 
the past because cases which needed it had 
such large, tense, fat abdomens that I feared 
to weaken one place to repair another. 

I have never employed the No. 2 Halstead 
operation, but have operated on three sup- 
posedly recurrent cases of this type. In two 
an indirect sac was found and in one the bulge 
in the veins at the place the cord emerged 
from the external oblique caused the symptoms. 

I see little usefulness of the so-called Cooper 
ligament repair alone for the type of cases on 
which I have operated. Where it is needed, the 
transversalis fascia is too poor and the fat too 
abundant and when used it has been as part 
of a more elaborate repair. 
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3. When it is safe, reduction of a strangu- 
lated hernia under anesthesia with repair later 
will give better results. 

4. Some individuals should be required to 
reduce weight before a hernia is repaired. 

5. More attention to tightening the upper 
part of the internal ring is desirable. 

6. Vigilent search for both direct and indirect 
sacs will prevent some apparent recurrences. 
I expect to increase my vigilance here, because 
I fear two of the recurrences were present but 
not found at operation. 

To obtain a good repair, each operation must 
be tailored to the structures being dealt with. 
In general I favor the Andrew’s type repair to 
give the best results in the worst cases. 
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DISCUSSION OF PAPERS BY DRS. KITLOWSKI, 
RENO AND BATE 


Pau. W. Greecey (Chicago, IIl.): It is a very 
common observation by those of us, who deal with 
transplantation of skin and skin flaps, to note in 
chronic extremity wounds, delayed healing in bones 
and old chronically infected bone wounds that 
have not healed. Often after these have been 
covered, nothing else was necessary. Spontaneous 
healing occurred. The apparent answer is that 
we have brought better blood supply into that 
wound. 

H. Hacan (Louisville, Ky.): A little 
over a year ago, while at the University of Penn- 
sylvania, | had the opportunity to review in over 
1,000 cases the two- to five-year results of inguinal 
and femoral herniorrhaphy; and Dr. Bate has 
very kindly invited me to discuss his paper with 
reference to this study. | certainly enjoyed his 
very excellent presentation, and would agree with 
him that trauma, if a factor at all, is nearly always 
a precipitating rather than a causative one in 
hernia. 

There are only three points from our review I 
should like to mention quite briefly. First, we 
seriously question the frequent assumption that 
most recurrences will make their appearance 
within two years of the initial repair. We found 
only slightly over 50 per cent occurred in two years; 
75 per cent in five years, and recurrences continue 
to appear as late as thirty-nine years. I have seen 
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since a recurrence, if we should call it that, which 
appeared forty-eight years following repair. The 
recurrence rate stated for any given interval must 
be recognized as an incomplete figure. 

Secondly, we were not much impressed with 
any one suture material, any one surgeon or any 
one currently accepted method of herniorrhaphy 
as capable of significantly reducing our recurrence 
rate. | will not burden you with the breakdown 
figures, but when analyzed in regard to suture, 
surgeon and method, there was no significant 
difference for any given type of hernia. You should 
note that hernias in children under ten, hernias in 
females and femoral hernias very seldom recur and, 
therefore, should not be used as evidence to ad- 
vocate any particular technic of preventing recur- 
rence. The already recurrent hernia, however, 
seemed to us a major problem. Our two-year 
recurrence rate for direct hernias was 5 per cent, 
for indirect 4 per cent, and so on, but the pre- 
viously recurrent hernias reappeared in about one 
of every five cases. This certainly is unsatis- 
factory. In a limited experience it has not seemed 
to us that fascial strips or flaps, cutis grafts or 
tantalum mesh have adequately solved this 
problem. 

Thirdly, as Dr. Bate pointed out, some of the 
so-called indirect recurrences are due to oversight, 
failure to recognize the presence of an indirect sac, 
and others to error in reconstructing the internal 
ring. Nine per cent of our recurrences were lateral 
to the internal ring. It seems important, therefore, 
to repair adequately not only the medial but also 
the lateral aspect of the internal ring. 

F. Water Carrutuers (Little Rock, Ark.): 
First, | want to congratulate Dr. Reno for bringing 
to our attention this most important subject, 
namely, cartilage and ligamentous repairs in the 
knee joints. | am sure the doctor brought out in 
more detail in his paper the importance of when 
to do the operation. It is most important that it be 
performed immediately. It is almost like an acute 
appendix. The patient should be taken to the 
hospital and the necessary surgery done imme- 
diately if you expect to attain the desired result. 
If you wait too long, the tissues become contracted 
and many other unobtainable approaches cannot 
be made. Therefore it is important to do this 


operation just as soon as you can get your hands 
on the patient. 

Dr. Reno did not say anything about repair of 
the cruciate ligament. We do not repair those 
cruciate ligaments any more. We leave that alto- 
gether to physical therapy in the manner in which 
he demonstrated to you, with the weights and 
developments of the extrinsic muscles and the 
ligaments that will take care of it. Even though the 
knee is still objectively unstable, it is not func- 
tionally unstable for the patient. He can run up 
and down stairs. He can get about and perform 
the duties sometimes better than he was able to 
prior to his injuries. 

The other pathologic condition that I have had 
some experience with is medial meniscus injury or 
meniscus injury in general. | think this should be 
called to your attention due to the frequency in 
which severe damage is done to these cartilages 
which are not recognized until the time of opera- 
tion. This is just an interesting note in the findings 
you see in these meniscuses when you remove 
them, and emphasizes the endeavor that should 
be made to know, if possible, the real damage that 
is done before you do your operative work. 

I have the opportunity to see and do a lot of 
arthrotomies in Arkansas with the colleges, univer- 
sities and baseball players we have scattered 
throughout. It is not uncommon for us to have 
any number of injured knees on our hands at most 
any time of the year and, of course, during the 
football season we anticipate far more injuries of 
this kind than we do during the baseball season. 

G. Carorners (Cincinnati, O.): 
should like to raise one question. What has become 
of a method described by Bradley Coley sometime 
ago for treatment of the elderly patient. He simply 
cut across the cord and then sewed up the rings 
tightly. Bradley assured me that the patients did 
not get atrophy of the testicle from that particular 
procedure. I have not had an opportunity to use it. 

The role of trauma in the middle-aged laborer is 
something with which we are confronted all the 
time. I think the trauma is incidental. It usually 
occurs from a light degree of trauma in a man who 
is already developing an enlargement of the pros- 
tate, an enlargement of the liver or an enlarge- 
ment of the omentum which is just plain fat. 
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—— years ago, before this Society, one of 
us (I. S. R.)'! summarized the prevailing 
concepts of burn treatment and its many un- 
solved problems. Study of burns has been 
intensive during the succeeding decade and 
many beliefs held ten years ago have been 
radically altered by additions to our knowledge. 
The mortality from severe burns, however, 
remains alarmingly high? and many questions 
remain unanswered. The last ten years have 
witnessed the birth of the atomic age, which 
further intensifies the gravity of burn prob- 
lems. Authorities estimate that in an atomic 
explosion roughly 60 per cent of the casualties 
will be primarily burn injuries. With these facts 
in mind we have undertaken to summarize the 
work of many investigators during this decade. 


TREATMENT OF BURN SHOCK 


Progress in the treatment of burn shock has 
been great and if treated early the large 
majority of severely burned patients can now 
be brought through this phase of their injury. 
According to the best opinion large quantities 
of colloids (including blood) and electrolyte 
solutions should be given in the early treatment 
of the severely burned. Several formulas have 
been proposed as guides for the administration 
of fluid in the shock phase. Of these the formula 
of Evans? is widely known and used. He deter- 
mines the quantity of colloid to be given during 
the first twenty-four hour period by multi- 
plying the patient’s weight in kilograms by the 
per cent body surface involved with second 
or third degree burns. Therefore, a 70 kg. 
man with a 30 per cent burn would be given 
2,100 cc. of colloid in the first twenty-four 
hours. An amount of isotonic salt solution 
equal to that of colloid is also given and in 
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addition 2,000 cc. of 5 per cent glucose in 
water is added to insure a good urinary output. 
One-half of the fluid requirements of the first 
day should be given in the first eight hours. 
For the second twenty-four-hour period only 
one-half the previous volume of colloid and 
salt solution is given with the 2,000 cc. of 
glucose in water. Evans, as others,‘ stresses 
the danger of blindly following this formula, 
particularly in patients with more than 40 per 
cent burns. At times too much fluid is given 
and pulmonary edema produced. One cause of 
overhydration is overestimation of the area 
burned. Less than the estimated volume of 
fluid should be given to children, the elderly, 
those having serious heart disease, those having 
respiratory burns, and those with more than 
40 per cent of body surface burned. Each pa- 
tient’s response must be closely observed and 
his therapy adjusted accordingly. An indwelling 
catheter in the urinary bladder enables one to 
follow closely the rate of formation of urine 
and is helpful in judging the adequacy of intake. 
Twenty-five to 50 cc. an hour is a satisfactory 
rate of urine formation but fluid therapy should 
not be gauged on this factor alone. 

Contrary to the prevailing opinion ten years 
ago it is now believed that large quantities of 
salt should be given in the early phase of treat- 
ment because of the rapid fall in the level of 
serum sodium. Associated with the rapid drop 
in serum sodium there is a period of sodium 
retention usually lasting several days. Follow- 
ing the period of retention the kidneys usually 
excrete large amounts of fluid and sodium 
unless severe renal damage exists. In these 
instances of severe renal damage the artificial 
kidney may prove life saving. Several salt solu- 
tions of different composition are satisfactory 
A solution of 0.9 per cent sodium chloride is 
adequate and is readily obtainable. An isotonic 
solution consisting of two-thirds sodium chlo- 
ride and one-third sodium bicarbonate has 
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theoretic advantages being more nearly physio- 
logic and may be preferable. If the salt solution 
can be given orally, a weaker solution is not 
only better tolerated but also obviates the 
necessity of giving the extra water intra- 
venously. The more severely burned patients, 
however, often cannot tolerate fluids by mouth. 

The rapid loss of plasma from the burn sur- 
face and into the tissue beneath the burn has 
long been recognized and until recent years 
plasma alone has been considered the proper 
colloid with which to combat this loss. Recent 
evidence®* indicates that whole blood is also 
needed early in burn therapy. Not only is whole 
blood needed to prevent anemia, long observed 
to occur several days after burning, but also 
to replace red cell destruction that occurs 
promptly after burning. Determination of the 
hemoglobin and the hematocrit gives no indica- 
tion of this loss and cannot serve as a guide for 
the volume of whole blood needed. The more 
severe burns are probably best treated by 
giving at least one-half of the colloid solution 
in the form of whole blood. Faced with an 
atomic war, we could not supply the desired 
quantities of blood and plasma for the treat- 
ment of burns. It is in such a situation that the 
plasma expanders—dextran, PVP and gelatin— 
would have great value. 


TREATMENT OF THE BURN WOUND 


Open versus Closed Treatment. One of the 
most striking changes in burn therapy in recent 
years has been the widespread acceptance of 
the open method of treatment, reintroduced by 
Wallace’ in 1949. From the reports of several 
excellent investigators*® it appears that the 
open method can be used with equally good 
and possibly better results than the closed. The 
open treatment is not a treatment of neglect 
but a method which requires skill and a thor- 
ough knowledge of the principles of wound 
healing. This treatment must not be used for 
granulating surfaces. Some of its advocates do 
not advise its use for burns of the flexor sur- 
faces of the neck, circumferential lesions of the 
trunk, and joint surfaces of the legs and arms. 
Although at this time it appears that no in- 
controvertible proof exists of the superiority 
of either of these methods, the fact that the 
open method has been found acceptable is of 
great value in planning for the care of casualties 
in an atomic war, when lack of personnel and 
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supplies may preclude extensive use of the 
closed method. 

Early Excision. General agreement exists 
that full thickness burns should be excised and 
the defect grafted as soon as feasible. Early 
excision and grafting shortens the period of 
protein loss from burn surfaces, diminishes 
infection and toxic absorption, and reduces 
scar formation. Two papers''! before this 
Society last year dealt with this aspect of the 
burn problem. Immediate excision and grafting, 
however, may be prevented by two factors: 
(1) the general condition of the patient, which 
may make additional trauma too hazardous, 
and (2) the difficulty of immediately judging 
the depth of the burn. In burns of limited ex- 
tent that are obviously full thickness, immedi- 
ate excision and grafting is the best treatment. 
In extensive burns the additional trauma of 
anesthesia and operation may be contraindi- 
cated in the early stages of the burn. Excision 
of dead skin, however, once carried out will im- 
prove the patient at any stage. It is then a 
question of balancing these two factors and 
obvious full thickness burns should be excised 
and grafted as soon as the patient will stand 
the operation. If the normal skin of the patient 
is insufficient or if the added trauma of taking 
a graft is felt to be unwarranted, homologous 
skin can be used to cover the wound. When 
excision of all of the full thickness burn seems 
too extensive a procedure, priority should be 
given to burns of the joints and of the neck. 
Because grafted skin is usually inferior to super- 
ficially burned skin that has regenerated, the 
ultimate result may be better if, in questionable 
cases, time is given for demarcation before skin 
is excised. Needless delay, however, invites the 
formation of scar tissue with all its subsequent 
disadvantages. 

Use of Homologous Skin. The early hope 
that ACTH and cortisone might effect a 
‘permanent take” of homologous skin has been 
shown to be ill founded. In extensive burns, 
especially in children, the temporary covering 
of the open wound with homologous skin may 
be life saving even though subsequent replace- 
ment with the patient’s own skin is necessary. 
The recent development” at the tissue bank 
of the Naval Medical Research Institute and 
Naval Medical School of methods for preserv- 
ing cadaver skin (e.g. freeze drying) gives us 
a means of providing large amounts of homolo- 
gous skin and obviates the need of finding other 
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donors. If preserved skin can be stockpiled it 
should provide for a critical need in time of 
disaster. 

Enzymatic Débridement of the Burn. Be- 
cause surgical excision of dead skin may be 
hazardous in an extensively burned patient and 
because the extent of the burn may be im- 
possible to determine early, intensive search 
has been made for chemicals which will remove 
dead skin without injuring normal tissue. 
Pyruvic acid'* was one of the first chemicals to 
be advocated for this purpose, but enzymes 
now appear to be the most promising agents. 
Several enzymes (streptokinase-streptodornase, 
trypsin, collagenases and proteinases) have 
been produced and are now being intensively 
investigated in both experimental and clinical 
burns by groups throughout the country. The 
need for effective agents is obvious. The next 
ten years should witness great advances in this 


field. 


SYSTEMIC TREATMENT OF THE PATIENT 


Apart from the specific treatment of the burn 
wound and its immediate complications, inten- 
sive supportive therapy is indispensable. Burns 
of 30 to 40 per cent of the body surface are 
frequently followed by nitrogen loss ranging 
up to 30 to 35 gm. per day and such losses are 
difficult to overcome. Maintenance of good 
nutrition is at times impossible in extensive 
burns and remains one of the unsolved prob- 
lems. Forced oral feedings may not be tolerated. 
The development of solutions of fat safe for 
intravenous injection may help solve this prob- 
lem. The standard solutions now available for 
intravenous use will almost never maintain 
weight and effect a positive nitrogen balance 
in these patients. . 

ACTH and cortisone have been thought by 
some investigators to improve the appetite and 
feeling of well-being of severely burned patients 
but their use has not proved to be of great 
significance. In fact deleterious effects have 
been reported from their use, e.g., excess fluid 


retention and the development of pseudo 
diabetes. 


PROBLEM OF INFECTION 


In spite of the development of many potent 
antibiotics sepsis continues to plague the se- 
verely burned patient, particularly long after 
the burn. Too frequently the patient survives 
burn shock and the early phases of treatment 


but dies from sepsis after several weeks. The 
staphylococci, which were once sensitive to 
penicillin, are now all too often penicillin re- 
sistant. The flora of burns is varied and changes 
with the duration of the burn. Strains of 
pseudomonas in particular are noted as late 
contaminants and are difficult to eradicate. 
Polymyxin B appears to be specific for pseudo- 
monas and may be helpful in treating burns 
contaminated with this organism. 

Colebrook” in England has attempted to 
prevent infection by reducing the sources of 
contamination in every possible way. He has 
stressed the importance of surface contamina- 
tion by air-borne bacteria at the time of 
dressing and has greatly reduced this source of 
contamination by a rapid exchange of practi- 
cally sterile air through the station used for 
dressing. Colebrook believes that strict atten- 
tion to asepsis combined with topical penicillin 
have greatly reduced infection in his cases. 
Activities such as changing dressings and bed 
clothes have repeatedly been shown to increase 
the number of bacteria in the air. Such activi- 
ties should be minimized at the time burn 
wounds are dressed, but during times of warfare 
or national disaster, the condition required by 
Colebrook’s technic could not be met. 

Infection may play an even more significant 
role in those burns resulting from atomic ex- 
plosion. Brooks'® and his co-workers have 
shown that the addition of external body radi- 
ation to a standard thermal burn in dogs results 
in a sharply increased mortality because of 
invasion of the blood stream with beta hemo- 
lytic streptococci. 


BURNS AND FRACTURES 


The problem of burns complicating other 
injuries has also been investigated in recent 
years and is a segment of the whole therapy of 
burns in which we have been particularly 
interested. Burns associated with fractures 
may well be seen in large numbers in the event 
of atomic war. On the basis of experimental 
work in dogs” we believe that rigid immobiliza- 
tion is essential in these fractures if spreading 
infection is to be avoided. External fixation 
may prevent proper burn care. The introduc- 
tion of an intramedullary nail may prove to be 
the treatment of choice in fractures suitable for 
its use if simpler methods will not rigidly fix the 
fracture. The danger of operating through a 
burned area has not proved to be great in our 
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experiments. Intramedullary nailing allows 
complete freedom in treating the burn and in 
moving the patient. 

Allen'® has recently reported experimental 
work on burns involving bone. He believes that 
such burns should be excised in approximately 
forty-eight hours after injury and the bone 
surface covered with living tissue. It is often 
necessary to apply skin grafts directly on the 
bone surface to effect this. 


SUMMARY 


The last decade has seen extensive work on 
the problem of burns. Considerable progress 
has been made in the understanding of the 
pathologic physiology that is seen after burn- 
ing, with the result that most patients survive 
the immediate postburn period. In addition we 
have seen the return of the use of “open” 
treatment and the introduction of enzymatic 
débridement and the use of preserved cadaver 
skin. The over-all mortality, however, has not 
been greatly changed and we still have many 
unsolved problems, especially in the later stages 
of treatment and eventual rehabilitation of 
burn patients. Many lines of investigation 
appear promising at the present time and it is 
well that these are being studied for the burn 
problem promises to be of even greater im- 


portance in the future, especially in the event 
of an atomic war. 
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DISCUSSIONS 


Epwarp A. (Baltimore, Md.): I 
want to call your attention to this open air treat- 
ment of burns. People pass over it so glibly and 
say, ‘‘Well, we have got something; now we don’t 
have to have a lot of people to take care of patients 
when they get burned.” 

If one examines the work of Block or Evans and 
some of the others who have been using this 
method, one will find that you need a corps of 
people to carry on those things successfully and 
intelligently. You have to have sterile dressings. 
You have to have those patients cared for daily, 
with all the areas examined for deeper burns; all 
of which has to be done in sterile conditions, so 
that it becomes essential that a corps of people be 
used for those things. 

I want to call your attention to this because we 
have been getting patients now whom I think have 
been badly neglected because the open air treat- 


_ ment has been used. A patient is simply put into 


a bed and attention is centered on fluid balance, 
etc.; then crusts begin to form and after four, five 
or six weeks the patient is in a pretty sad condition. 

We had a case just recently where we first had 
to apply an ointment dressing to soften up the 
crust, and twenty-four hours later remove it. We 
collected about a pint of maggots underneath the 
crustings; apparently this was not very successful 
open air treatment, yet it was done in a good gen- 
eral hospital under the usual routine for this open 
air treatment. 

I do not want to belittle it, except this point. 
Who can evaluate a burn accurately enough when 
they first see it to decide how deep that burn is? 
Flesh burns, blistering, redness and maybe burns 
that are a little bit deeper can probably be recog- 
nized immediately; but with other burns it takes 
a few days to find out. If you use something like 
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zinax,® or some other preparations which are 
digestants, in ten days or so you will have an 
absolute evaluation of what your situation is. 

If it looks superficial enough, you can reduce it 
to an open air thing if you so desire. However, you 
will have to graft the areas where the epithelium 
has been burned through its base because there 
is no transmutation of tissue and corium will not 
produce epithelial coating; so if you persist, you 
will simply get a lot of contractions which would 
have been avoided had early grafting been done 
which would have been possible if that open air 
method had not been used too consistently. 

As far as excising burns is concerned, hands, for 
instance, are something that one should never 
excise a burn from. When you get a burn on the 
hand, irrespective of how superficial it is, you will 
get edema out of all proportion to the depth of 
your burn. What happens is your whole skin sur- 
face is raised away from your coverings of fascia 
and tendon sheaths and so forth, by that fine 
reticulous tissue which holds the skin on the hand, 
and you can very industriously and easily take 
all that skin off, some of which is very valuable 
and healthy, so that you are then faced with a 
problem of a denuded hand which will require 
extensive surgery and a questionable end result. 

Harvey ALLEN (Chicago, IIl.): | was very much 
interested in Dr. Roberts’ paper. It is certainly a 
necessary paper for this is an important problem. 
However, I do wish to agree heartily with Dr. 
Kitlowski. I wish to stress the caution. I wish to 
caution you as to the importance of using this 
exposure method glibly. 

We, too, are seeing cases which are neglected. 
It is not meant to be neglect, and I am sure the 
advocates of exposure do not condone it at all. 
The exposure method is only used for a phase of 
treatment. It is not a treatment. It can only be 
used during the initial few days. Thereafter, if 


you have anything worse than a sun burn, you 


are going to have whole thickness areas exposed 
which will need complete coverage and the protec- 
tion of adequate dressings. 

Finally, the exposure method cannot be used in 
children, cannot be used on encircling burns or on 
burns with any complications, or in penetrating 
wounds, fractures and so forth. 

Finally, we believe in stressing that open wounds 
must be covered, and above all, must be closed 
rapidly. 

Now as to excision, we do excise. We do excise 
hands, Dr. Kitlowski. We have done it in many 
cases. We wait five to eight days before we do it, 
when the wound has become demarcated. 

Immediate excision is a very diflicult thing to do. 
Even the greatest advocates of this method only 
approve its use if the burn is less than 5 to 8 per 
cent. With the best of help, under the best of oper- 
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ating conditions, it is very diflicult to assess accu- 
rately what is burned and what is not burned 
primarily. Therefore, we cover the wound, protect 
the patient, watch the blood levels and five to 
eight days later, when the burn is demarcated, 
then, and only then, we do the excision when the 
patient’s condition is stabilized. 

The use of homologous skin sounds fine. We 
have used it, but have now discarded it. In our 
experience, until about four years ago when we 
were using it rather enthusiastically, we found that 
the homologous skin would start sloughing at 
about the time we were ready to use available 
skin from our patient. We were then confronted 
with sloughing of an infected wound, and it 
delayed us so much we discarded this method. 
Until better means are discovered, | do not see 
that it is valuable. 

Lastly, as to fractures in burns, there is very 
little in the literature except for isolated injuries, 
isolated examples of fractures contiguous with 
whole thickness burns. Therefore, we went to the 
laboratory and were amazed to find fractures with 
burns are not a simple problem. Burned muscle, 
for example, is just as burned skin. It is difficult 
to assess what is burned and what is not burned 
within twenty or thirty minutes, or four hours, after 
the burning. Muscle requires time, just as the skin, 
to be demarcated. Therefore, what we have done 
is to carry out as complete an excision as possible 
at any open fracture, align the bones, cover the 
bones with muscle and then protect the wound 
with a splint, a large protective dressing and com- 
pression dressing; then four to five days later re- 
excise and cover with skin. 

Now, as to the use of intramedullary pinning, of 
course, it is very valuable to know we can use this 
method experimentally. | do not know who has 
done it clinically. It is of value to know we can 
use it, but I cannot see how it can be used routinely. 
In burns with fractures we will have many types of 
injuries, and therefore no one method can be used 
for fixation. We will have to use all sorts of meth- 
ods in order to obtain immobilization of our 
fractures. 

It is going to test the ingenuity of our very 
brilliant orthopedic surgeons. 

Atrrep We.ts Farmer (Toronto, Canada): 
I do not agree with Dr, Harvey Allen that open 
treatment cannot be used in children. I have not 
any particular brief for a closed method or open 
method of treatment, at least, as far as this discus- 
sion is concerned. I think you forget the tannic acid 
method of treating burns was an open method. It 
was used in children. 

We have given up tannic acid, but there are 
other methods of hastening coagulation on the 
surface, and causing a rapid formation of a tough 
plasma clot after burning—such methods which 
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will not necessarily poison a patient as tannic acid 
did, will give good coverage and which are still 
open methods of treatment. Children can be han- 
dled quite satisfactorily that way. 

Brooke Roserts (closing): We did not mean to 
get into a discussion of the superiority of the open 
or closed treatment, and I certainly agree with 
many of the thoughts expressed, particularly that 
open treatment can get you into difficulty if 
neglected. Certainly, it should not be used on areas 
that are granulating or used in late phases of 
treatment. 

On the subject of fractures associated with burns, 
experimentally, at least, we have had trouble when 
we covered these burns with plaster. The same 
has been true in at least some of the experience 
that has been reported. According to Watson-Jones, 
the cases in the British Army during the last war 
which were treated in that way had almost uni- 
versally disastrous results. 


The method of treatment by putting in an inter- 
medullarly pin is not one which we prefer for all 
cases. Obviously, it is a suitable method of treat- 
ment only in certain fractures that lend themselves 
to its use, and it does allow a complete freedom 
for treating the burn wound. We did find, if these 
fractures were not really fixed, that there was a 
tremendous tendency for spreading infection to 
develop, and it was the attempt to fix the fractures 
firmly that led to the use of the intermedullary 
nail in the experimental animal. 

I think there have been a few fractures treated 
in that way which have been reported. | know 
Dr. James Hardy reported at least one femoral 
fracture with surrounding burns which was treated 
with an intermedullary pin and did well. The 
method has not been used much clinically. Let 
us hope it will never have to be used to any extent. 
If we have fractures covered by burns in an atomic 
blast, we may find it will be useful. 
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Management of Acute Crushing Injuries 
of the Hand and Forearm over a Five-year 


Period (1948-1952) 


Joun L. BELL, M.p., MicHaet L. Mason, M.D. AND Harvey S. ALLEN, M.D., Chicago, Illinois 


From the Department of Surgery, Northwestern Univer- 
sity Medical School, and Passavant Memorial Hospital, 
Chicago, IIl. 


— purpose of this paper is to present an 
analysis of acute crushing injuries of the 
hand or forearm in 112 patients, who received 
their primary surgical care at Passavant 
Memorial Hospital, Chicago, Illinois. The 
patients were admitted during the five-year 
period from 1948 through 1952, and only those 
with injuries requiring hospitalization are in- 
cluded in this report. Excluded are patients 
who received their initial surgical procedure 
elsewhere, or patients with lesser injuries 
managed in the emergency room and sent home. 


ANALYSIS OF DATA ON II2 PATIENTS 


Age and Sex. During the five-year period 
100 male and twelve female patients were 
admitted to the hospital with acute crushing 
injuries of either the hand or forearm. Five 
were children under fifteen years of age. The 
over-all average age for the group was 36.5 
years. Excluding children, the average adult 
age was thirty-eight years. Our youngest pa- 
tient was two and a half years of age and the 
oldest was seventy-three years of age. 

Causes of Acute Crushing Injuries. One 
hundred patients were admitted with injuries 
of industrial origin, and twelve patients were 
treated for crushing injuries received in civil 
life. The various causes of the injuries were 
determined as an essential part of the admis- 
sion history. In this series the principal cause 
of industrial injuries to the hand or forearm 
were punch press accidents. Other machine 
accidents rated second and were varied, with 
the exception of drill press and milling machine 
accidents. Only those power saw or fan in- 
juries resulting in crushing-type wounds are 
included in the analysis. The sharply lacerated 
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wounds or guillotine-type traumatic amputa- 
tions were excluded from the group of power 
saw cases. 

Belt and pulley injuries are characterized by 
wounds which have friction burns of varying 
depth in addition to the other elements of the 
crushing injury. Heavy roller or press injuries 
were listed and varied from a laundry wringer 
to the heavy steel and rubber rollers employed 
in industrial plants. Roller or press injuries 
were subdivided into hot and cold injuries, for 
the hot roller accidents complicated the crush- 
ing injury with burns of varying depth. In- 
juries caused by emery-grinding wheels were 
characterized by friction burning in addition 
to loss of tissue. 

Most of the injuries sustained in civil life 
accidents were the result of crushing a digit 
in a door. Heavy objects falling on the hand 
was a common cause of injury. The miscel- 
laneous causes of crushing wounds were varied: 
a fall from a height, striking a ladder during 
descent, an explosion of homemade gun- 
powder, a picket fence injury, a cornpicker 
injury, a baseball sliding injury, a kick from a 
horse and gunshot wound of the hand. 

Pathologic Classification of Acute Crushing 
Injuries of the Hand or Forearm. From the 
operative descriptions and preoperative photo- 
graphs of patients, the wounds were classified 
into eleven categories. The list of the types of 
injuries was then cross-matched with the 
causes of the injuries, and the result of this 
indexing is presented in Table 1. The right 
extremity was involved in fifty-one patients; 
the left in fifty-eight patients and the injuries 
were bilateral in three patients. 

In our series the punch press injuries were 
usually the most severe as well as the most 
common type of injury. The least severe of 
the crushing wounds were those caused by 
door accidents. 
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First Aid Care. In addition to determining 
the cause, time, circumstances and possible ex- 
planation for the injury, our house staff has 
been trained to inquire regarding the first aid 
measures administered to the patients before 
entering the hospital. Usually, the patients 


for operating room facilities was determined by 
a rapid assessment of the degree of injury. 
Before further work-up was carried out, the 
injured extremity was covered by a resilient 
compression dressing and immobilized by a 
splint. Following this measure, adequate time 


TABLE I 
PATHOLOGY AND CAUSES OF ACUTE CRUSHING INJURIES INVOLVING HAND OR FOREARM (112 CASES) 


Type of Injury 


Tota! 


Traumatic Amputation 


14 


x Avulsion soft tissue 


* Avulsion soft tissue 
and fracture 


24 


Traumatic amputation 
of multiple digits 


T i tation 
i 


Multiple com 
fractures of hand 


. Degloved Palm 


Injuries of dorsum 
* with skin loss 


7. Amputation 


Traumatic Amputation 
8. of forearm 


9. Wrist Injury 


Forearm: 
10. Avulsing Injuries 


Multiple soft tissue 
Il. wounds, digits & hands 


Saw, | Belt, 
Fan | Pulley 


with severe injuries were transported to the 
hospital without delay from the scene of the 
accident. Most of these patients, however, had 
inadequate dressings and little or no immobili- 
zation of the injured extremity. In contrast, 
many of the lesser wounds had been probed, 
manipulated and dressed without regard to the 
prevention of further contamination or damage 
to the tissues. Although not common, some 
patients had blood vessels in the wounds ligated 
as a first aid measure prior to transportation to 
the hospital for definitive care. Improvised 
tourniquets, fortunately, had not been applied 
frequently as a first aid measure. The proper 
application of compression over the wound to 
control bleeding was rarely observed. 

Upon entry to the hospital emergency room 
the advisability of hospitalization and the need 
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was taken for a careful history and physical 
examination of the patient, blood count, uri- 
nalysis and x-ray examination before trans- 
porting the patient to the operating room. 

The Use of Antibiotics. The use of anti- 
biotics is not an excuse for the omission of the 
more important measures in the surgical treat- 
ment of crushing injuries. Because of the 
realization that infections most often develop 
in wounds containing devitalized tissue, the 
incidence of the use of supplemental antibiotic 
therapy is higher in crushing wounds than in 
sharply lacerated wounds. A decision to ad- 
minister an antibiotic was rendered for each 
patient on the basis of specific indications. 

Antibiotics were given to 106 patients of the 
112 studied. No topical application was em- 
ployed in any patient. Parenteral penicillin 
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injections were used in 105 patients and oral 
aureomycin was used in one patient. A com- 
bination of antibiotics was given to one patient 
who developed postoperative pneumonia. We 
believe it important before ordering the drug 


were no further complications from the shock 
or its treatment. 

Time Interval between Injury and Primary 
Surgery. In this group 82 per cent of the 
patients were operated upon within four hours 


56769 2 3 415 6 17 18 20 24----- 48 


Time in hours 
Fic. 1. Time interval from injury to primary surgery (112 patients). 


to ask the patients regarding any previous 
untoward experiences with penicillin. 

All patients received either tetanus antitoxin, 
1,500 to 3,000 units, or a tetanus toxoid 
booster. The latter was administered only if an 
unquestionable history of previous active im- 
munization against tetanus was obtained. In 
some instances of severe contamination, tetanus 
antitoxin was given in addition to the toxoid 
booster. One patient, an explosion victim, re- 
ceived anti-gas gangrene serum following bi- 
lateral hand injuries complicated by multiple 
wounds of the face, neck and lower extremities. 

Incidence of Traumatic Shock. Eleven pa- 
tients in the series were admitted to the hospital 
exhibiting the symptoms and signs of trau- 
matic shock. It was necessary to give blood 
transfusions in all of these patients. Plasma 
was employed prior to the use of blood in one 
patient. In the patients treated for shock there 
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following injury. Eighteen per cent of the pa- 
tients received their initial surgical procedure 
after the four-hour period. The time intervals 
between injury and operation are graphed in 
Figure 1. The patient operated upon forty- 
eight hours following his accident had wound 
excision and reduction of fractures at that time, 
and secondary closure of the wounds was done 
four days later. In two instances a prolonged 
delay prior to initial operative care was ac- 
countable to transporting the patients a dis- 
tanec of several hundred miles from the scene 
of the accident. 


PRIMARY SURGICAL PROCEDURES 


General anesthesia was employed for 108 of 
the 112 patients in this series. Local infiltration 
anesthesia, using 0.5 per cent novocain with- 
out epinephrine, was used in two instances. 
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Brachial block and sympathetic blocks were 
not used. 

All wounds and the surrounding field were 
cleansed gently using white bar soap, sterile 
water and cotton pads. A preliminary ten- 
minute cleansing of the area surrounding the 
wounds preceded the washing of the wound, 
which was done with a fresh setup of material 
and a change of the operator’s gloves. 

Removal of devitalized tissue is a difficult 
and tedious procedure upon which the success 
of wound healing depends. Wound excision was 
performed with careful deliberation and gentle- 
ness in handling tissue. The viability of every 
type of tissue was judged prior to its excision. 
Each tissue involved in the injury was taken 
in turn and excision accomplished, starting 
with the skin which usually presented the 
greatest problem. Buried suture material con- 
sisted principally of 6-0 white silk. Occa- 
sionally, for ligation of larger forearm vessels a 
heavier silk was used. 

One hundred ten of the patients had initial 
wound excision within the first few hours fol- 
lowing admission to the hospital. Two of the 
patients, who had extensive crushing burns of 
the dorsum of the hand, received only primary 
cleansing, compression dressings and immobili- 
zation. No anesthesia was used for the initial 
care in these two patients. They were taken to 
the operating room five days later for excision 
of devitalized tissue followed by immediate 
wound closure, one with partial thickness skin 
and the other with an abdominal pedicle flap. 
Two additional patients had only wound ex- 
cision at the time of the initial surgery and 
were closed later. One of these has been men- 
tioned above as entering the hospital forty- 
eight hours post injury, and the other patient 
had sustained a gunshot wound of the hand. 
Secondary closure of the wounds was under- 
taken in these two patients on the fourth 
hospital day. The remaining 108 patients had 
primary closure of the wounds of the forearm 
or hand following wound excision. 

Methods of Wound Closure Following Removal 
of Devitalized Tissue. Wound closure without 
tension is a most essential part of the operative 
procedure. In many instances it was necessary 
to employ a combination of methods to attain 
the closure of the wound after débridement. 
Table 1 lists the different methods of wound 
closure in this series. 

In twenty-seven cases it was possible to 
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accomplish primary closure of the wounds after 
excision of the devitalized tissue by skin 
suturing without tension. In only three of these 
patients, however, was the injury confined to 
the skin; twenty-four patients had wounds 
complicated by underlying damage to either 


TABLE 
CLOSURE OF WOUNDS—PRIMARY SURGICAL PROCEDURES 
(112 PATIENTS) ACUTE CRUSHING INJURIES OF HAND 
AND FOREARM 


Partial closure by suture and split-thickness skin 
Local pedicle flaps and split-thickness skin grafts.. 6 
Distant primary pedicle flaps.................... 6 
36 
16 


Closure by flaps and split-thickness skin grafts 20 


tendon, nerve, bone or joint. A monofilament 
5-0 nylon suture on a swaged needle was used 
for skin suturing because of its non-irritating 
qualities. 

In order to close wounds without tension, 
skin grafting was commonly used, and in 
thirty-eight instances partial split thickness 
skin grafts were taken to affect complete 
closure of a partially sutured wound. In practi- 
cally all cases it was possible to anticipate the 
use of skin grafting to aid closure by assessment 
of the wound during the cleansing procedure. 
Suitable donor sites were prepared in the same 
manner used to prepare the injured extremity. 
(Figs. 2 and 3.) 

Excluding the traumatic amputations there 
were six patients in whom the closure of the 
wound was accomplished by shifting a local 
pedicle flap of skin and subcutaneous tissue 
over exposed bone, tendon, nerve or joint. The 
defects created by shifting local pedicles were 
closed with a partial thickness skin graft. 

In six patients the method used to cover 
exposed bone or tendon was by the application 
of a primary abdominal pedicle flap. This type 
of coverage was used only when necessary and, 
in this series, the abdominal pedicle flap was 
not used initially when the injury was compli- 
cated by fractures. It is difficult to maintain 
the position of reduced fractures with the hand 
under a pedicle flap. 

Handling of Traumatic Amputations. Every 
effort was directed to conserve the length of the 
extremity in traumatic amputations. Closure 
was accomplished by local shifting of skin flaps 
in sixteen instances, but in twenty instances 
the closure was done by a combination of shift- 
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Fic. 2. A, avulsed skin on dorsum of hand crushed by industrial accident. There were open 

fractures of the middle and ring fingers and open joint injuries of the index and middle fingers. 

; B, result of immediate closure of wound on dorsum with split-thickness skin graft after removal 
of devitalized tissue, reduction of fractures and repair of joints. 


Fic. 3. A, crushing injury to index finger with skin loss exposing flexor tendons and tearing ten- 
don sheath. B, wound healed primarily following immediate shift of pedicle flap from radial 
aspect of finger. Split-thickness skin graft used to cover defect created by shifting of local 
pedicle flap. 
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Fic. 4. A, punch press injury with traumatic amputation of all digits except thumb. Every effort 
directed to save length of amputated digits. B, result following primary application of abdominal 


pedicle flap to hand. 


ing skin flaps and application of split thickness 
skin grafts. In many of the injuries a skin graft 
alone may suffice to achieve closure if the bone 
is covered with an adequate amount of soft 
tissue. (Fig. 4.) 

In digits with traumatic amputations or in 
those which had to be amputated because of 
non-viability, care was taken to identify the 
digital nerves and sever them so that the ends 
would retract proximally into the soft tissue 
and not become attached to the scar near the 
amputation site. Tendons were not sutured over 
the amputated bone ends. (Fig. 5.) 

Reduction of Fractures. Forty-one patients 
or 36 per cent of the injured sustained crushing 
wounds complicated by open fractures. Marked 
comminution is also a characteristic feature of 
fractures accompanying crushing injuries of the 
hand, wrist and forearm. The reduction of dis- 
placed fractures of the hand was accomplished 
principally by manipulation and molding the 
fracture over a sterile padded Universal splint 
or other suitable splint with the hand in the 
position of function. The position of the frac- 
ture was maintained on the splint by means of 
a compression dressing. Internal fixation with 
wire or pinning of fractures was not employed. 
Satisfactory maintenance of reduction of car- 


pal, metacarpal and phalangeal fractures was 
accomplished without the use of traction. 

Primary Nerve, Tendon and Joint Repair. 
Primary repair of divided digital nerves was 
achieved in eleven of fourteen patients. In the 
three patients in whom repair was not done, 
the nerves had been avulsed to such a degree 
that primary end-to-end apposition was im- 
possible. When primarily repaired digital 
nerves are sutured, the line of suture is not 
usually under tension when the hand is in the 
position of function. 

It was possible to repair divided extensor 
tendons in nineteen of twenty patients. The 
absence of marked retraction of severed ends 
facilitated approximation without accessory 
incisions and with the use of a minimum of 
suture material. Extensor tendons were re- 
paired usually with one or two 6-0 white silk 
mattress sutures. In one patient the condition 
of the wounds were such that an accessory 
incision to expose the proximal end and burying 
of additional suture material was inadvisable. 
The photographs of the patient are presented 
in Figure 6, and he obtained an excellent func- 
tional result by purposeful splinting in exten- 
sion without suturing of the divided tendon. 
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Fic. 5. A, milling machine injury. Middle and ring fingers non-viable necessitating amputation. In- 
dex and little fingers viable but associated with open comminuted fractures of proximal phalanges. 
B, result following removal of devitalized tissue. Skin flaps obtained by filleting middle and ring 
fingers were useful in closing wounds on index and little fingers. Split-thickness skin grafts applied 
to remaining raw surfaces. 


Fic. 6. A, emery wheel injury dorsum of hand with avulsed skin, burned skin and divided extensor 
tendons to thumb and index finger. B, result after removal of devitalized tissue and immediate 
closure of wounds by skin suturing and split-thickness skin grafting. Tendons not repaired but 
excellent functional result achieved by splinting thumb in extension for four weeks. 
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Primary flexor tendon repair was accom- 
plished in two of nine patients in this series. 
Because of the complexity of the crushed hand 
or forearm it is seldom advisable or possible to 
attempt primary suturing of injured flexor 
tendons. Accessory incisions are usually re- 
quired to expose divided flexor tendons which 
retract immediately following injury. The posi- 
tion necessary to keep tension from the suture 
line of sutured flexor tendons would usually 
compromise the maintenance of reduction of 
complicating fractures. Furthermore, a healing 
fracture at the same level as a recently repaired 
flexor tendon usually causes marked adherence 
of the two injured structures. All successful 
tendon repairs require that adequate soft tissue 
coverage is available, and that primary wound 
healing is a certainty. 

Dressing and Splinting. The operation was 
completed by the application of a resilient 
compression dressing and immobilization of the 
extremity, except in the six patients with 
primary abdominal pedicle flaps. The records 
showed that the Universal splint was used to 
immobilize the hand in sixty-three instances. 
This was in accordance with our convictions on 
the importance of maintaining the hand in a 
position of function following crushing injuries. 


AFTER CARE OF CRUSHING INJURIES 


Wound Healing Following Initial Surgery. 
Except for small areas of superficial skin 
necrosis which healed over without undue 
delay, all but twelve patients healed by primary 
intention. Portions of skin grafts or skin flaps 
sloughed in six patients, and it was necessary to 
cover the granulating surfaces with partial 
thickness skin grafts to complete the closure 
of the wounds. In three patients it was neces- 
sary to perform further excision of tissue 
originally thought to be viable. The wounds 
created by the secondary excision were covered 
with partial thickness skin grafts. Secondary 
amputation of digits was necessary in three 
patients because of non-viability. None of the 
wounds was prevented from healing by 
infection. 

Complications. In addition to the lack of 
primary healing in twelve patients, one patient 
developed a spreading infection on the seventh 
postoperative day and six days following dis- 
charge from the hospital. The patient had not 
received antibiotic therapy, and had sustained 
open dislocations of the proximal interpha- 


langeal joints of the ring and little fingers 
following a drill press accident. The cellulitis 
and lymphangitis that ensued responded to 
penicillin therapy without residual damage to 
the hand. Another patient developed a bi- 
lateral id reaction from a fungus infection on 
the feet, and the resulting hand lesions caused 
maceration of the operative wounds. 

The other complications in this group of pa- 
tients were remote. One patient developed 
bronchopneumonia postoperatively, and another 
developed a thrombophlebitis of the lower ex- 
tremity. Only one patient developed a peni- 
cillin reaction of such severity as to require 
readmission to the hospital for treatment. The 
diagnosis of a previously unrecognized diabetes 
mellitus was established in one patient, but did 
not complicate the healing of the wounds of 
the hand. 

Only two patients were admitted with in- 
juries of other parts of the body in addition 
to the hand or forearm injuries. One of these 
had multiple wounds of the face, neck and 
lower extremities. Another had a closed frac- 
ture of the tibia. 

Hospital Days Following Primary Surgical 
Care. Eighty-two per cent of the patients 
were discharged from the hospital within four- 
teen days following injury. Six of the patients 
discharged after three weeks remained because 
of the primary application of abdominal pedi- 
cle flaps. Delay in wound healing increased the 
hospital stay in twelve patients, but in no case 
did infection of wounds necessitate an addi- 
tional hospital stay. 


DELAYED OPERATIVE PROCEDURES TO IMPROVE 
FUNCTION OF THE INJURED EXTREMITY 


Twenty-nine delayed operations were re- 
quired to further improve hand function in the 
112 patients of this series to date and are listed 
in Table 11. Three of the patients required 
multiple delayed operative procedures. 

Excision of scar tissue and coverage with a 
staged abdominal pedicle flap was performed 
in ten patients. Pedicle flaps were applied to 
furnish adequate covering tissue over bone or 
to provide covering in areas devoid of normal 
tissue through which later bone, tendon or 
nerve repair could be accomplished. Free full 
thickness skin grafts were employed to cover 
defects created by scar tissue excision in eight 
patients. The functional advantage of full 
thickness skin, especially on the palmar aspect 
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of the hand, over partial thickness skin grafts 
is well understood. Free full thickness skin 
grafts accompanied by local shifting of skin 
flaps was useful in deepening contracted web 
spaces, particularly the cleft between the thumb 
and index finger. Three patients required re- 


TABLE III 
DELAYED PROCEDURES TO IMPROVE FUNCTION OF HAND 
(112 PATIENTS—1948—1952) 
Procedure No. of Patients 
Excision of scar and abdominal pedicle flap.. 10 
Excision of scar and free full-thickness skin 


Revision of amputation stumps of digits.... 3 
Flexor tendon grafts to digits.............. 2 
Delayed tendon and nerve repair........... 2 
2 
Arthrodesis of interphalangeal joint......... 1 


* Three patients required multiple procedures, 


vision of amputation stumps because of either 
pain or insufficient soft tissue coverage. 

Tendon grafts within the digital sheaths were 
used to restore flexor function of digits in two 
patients. The flexor tendons had not been re- 
paired primarily because of the complexity of 
the injuries. Secondary flexor tendon and 
digital nerve repairs were performed in two 
patients. In this series no secondary extensor 
tendon repairs were done. 

Amputation of a useless or cosmetically un- 
satisfactory portion of a digit was done in two 
patients. Non-union of a fracture in the hand 
necessitated one bone graft and arthrodesis of 
an unstable interphalangeal joint was done in 
another patient. 


SUMMARY 


A review of 112 patients with acute crushing 
injuries of the hand and forearm is reported 
from the period of 1948 through 1952. The 
causes and types of injuries are cross indexed, 


and the local and remote complications are 
presented. 

The surgical principles of the management 
of acute crushing wounds are: protection of the 
wound from further contamination and trauma; 
mechanical cleansing of the wounds; thorough 
removal of devitalized tissues; repair of injured 
deep structures, if circumstances permit; re- 
duction of fractures and closure of the wounds. 
We have emphasized the importance of main- 
taining the injured extremity in the position of 
function. 

In 108 patients, initial coverage of the 
wounds was accomplished by one or a combi- 
nation of methods. The keystones to primary 
wound healing are removal of devitalized 
tissues and immediate closure of the wounds. 


DISCUSSION 


Harvey S. ALLEN (closing): We have been 
stressing, as you know, over the years, the vital 
importance of obtaining primary healing of these 
severely crushed injuries. These injuries are en- 
tirely different from the sharp lacerated wound. 
Rate of healing, ability to heal, length of time 
before we can regain function are almost a different 
problem entirely from that of the sharp wound. 
These cases required many secondary operations 
to regain motion, to regain satisfactory covering 
tissue, but at the initial wound, at the time of the 
original injury, the one objective is to do adequate 
and correct excision and obtain closure. 

Many of these cases required pedicle flaps, late 
tendon grafts, nerve repairs and in only one of 
them was bone grafting necessary. We believe 
the bony framework must be maintained, and we 
must get primary healing of the bony framework. 
In order to do that, we must have complete healing 
and complete coverage. Otherwise we would have 
a false motion and false healing, and infection 
would be incurred. 

We believe we cannot stress too strongly the 
importance of spending the time—when the 
crushed hand or forearm comes to us—spending 
the time necessary in getting the wound cleaned 
and closed. 
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Alteration of the Blood Supply of Flexor 
Tendons Following Injury 


H. Minor Nicuots, m.p., W. L. LEHMAN, M.D. AND E. Cotron MEEK, M.D., Portland, Oregon 


a repair in the insheathed portions of 
flexor tendons is always a problem to the 
surgeon who treats hand injuries. Occasionally, 
good results are obtained but the majority of 
results are functionally poor. 

The suture of a tendon outside the synovial 
sheath is usually successful because the tendon 
is already adherent to adjacent tissues and its 
blood supply is obtained from numerous vessels 
which enter the tendon throughout its course. 
These vessels pass through the elastic tissue 
called paratenon which surrounds the tendon 
and allows it to move. When tendons heal, the 
fibrin and red cells which are first present in 
the wound are invaded by plasma cells which 
migrate from the cut ends of the tendon and 
the tendon sheath, when the latter is present. 
The cells subsequently develop into fibrous 
tissue which holds the tendon ends together 
in a cicatrix. Eventually, most of the cicatrix 
resolves with formation of normal tendon. In 
the insheathed portion of flexor tendons the 
healing reaction makes no distinction between 
visceral and parietal synovia which are closely 
related, and healing with binding adhesions at 
the site of injury often results. 

Technical procedures which have attempted 
to eliminate these adhesions between adjacent 
synovial surfaces by splitting or excision of 
the sheath or advancing the tendon juncture 
to a more favorable location have been only 
partly successful in improving results. 

Recognition of the part played by the blood 
supply of this portion of the tendon has been 
largely overlooked. The tendon is relatively 
avascular, being made up largely of collagen 
fibrils with relatively few living tendon cells. 

Previous studies on the blood supply of nor- 
mal flexor tendons by Mayer, Edwards, 
Brockis, Braithwaite and Gonzales have all 
been made using injection technics with some- 
what confusing results. 

This study on normal flexor tendons was 
made by dissecting several freshly amputated 


normal adult specimens and by making micro- 
scopic cross section studies of these tendons in 
the wrist, carpal canal, palm and digits at 
appropriate levels. Microscopic sections were 
also made on selected, preserved cadaver 
hands, preferably those showing the least 
deviation from normal. About 150 sections 
were made. (Fig. 1.) 

In the study of damaged flexor tendons about 
twenty-five cases were reviewed which seemed 
suitable to include in this report. Cases com- 
plicated by infection or severe trauma were 
omitted. 

The blood supply of normal digital flexor 
tendons comes from five principal sources: 
(1) from the musculotendinous junction in the 
forearm; (2) from mesotendons in the carpal 
canal; (3) from the deep palmar arch, vessels 
go to the lumbrical muscles and then to the 
profundus tendons (the sublimis tendons also 
receive vessels in this region, apparently from 
the superficial palmar arch); (4) from the 
proximal ends of the digital sheath; and (5) 
from vessels contained within the vincula 
longus and brevis. 

No vessels of any consequence enter the 
tendon from the bone or periosteum at its 
insertion. 

Just proximal to the insertion of both the 
profundus and sublimis tendons there are 
heavy crescent-shaped mesotendons containing 
numerous large vessels. Through the meso- 
tendon at the distal interphalangeal joint, 
numerous vessels enter the profundus tendon. 
At the proximal interphalangeal joint there 
are double mesotendons to each side of the 
sublimis tendon coming from a fat centrally 
placed cylindric mesotendon. Through the 
fused part of the sublimis tendon a long cylin- 
dric mesotendon carries vessels to the pro- 
fundus. Often there are two of these long 
mesotendons, one coursing distally toward the 
middle segment of the finger and the other 
turning proximally toward the proximal seg- 
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Fic. Y to c Photomicrographs of ‘blood supply in normal tendons (low power, a. 
high power, X 100). A, cross section of tendons in carpal canal showing portion of bursa and 
mesotendon with large vessel. B, sublimis tendon in palm showing mesotendon with large 
vessel and smaller perforating vessels. C, sublimis tendon in proximal segment of finger 
showing vessels carried in mesotendon on lateral edge and also in center in dorsum of 


tendon. 


ment of the finger. The sublimis also has a good 
sized vessel which enters its lateral edge 
proximally at the point where it splits. The 
flexor pollicis Jongus receives a cylindric 
mesotendon about 1 inch above the flexor 
retinaculum and a large double mesotendon at 
the interphalangeal joint. 

In all digital flexor tendons the area within 
a short distance of the insertion appears to be 
highly vascular. Vessels can be seen grossly 
running along the dorsum of the profundus 
tendon in the area between the mesentery 
distally and the mesotendon in the middle 
‘segment. Proximal to this area the vessels are 
less in evidence on the surface of the profundus 


tendon, although microscopically they can be 
found within the tendon. The sublimis tendons 
exhibit vessels both laterally and centrally 
on their surfaces in the proximal segment of 
the fingers which anastomose with the vessels 
in the palm. The main vascular channel run- 
ning on the dorsum of the flexor pollicis longus 
or within its substance can be followed through- 
out the length of the tendon. 

Microscopic studies of damaged flexor ten- 
dons usually showed obliteration of the normal 
dorsal longitudinal channel with an increase of 
vascularity within the tendon, a disorganiza- 
tion of the normal tendon fascicles and a 
marked increase in the vascularity inside the 
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Fic. 1D and E. D, profundus tendon in proximal segment of finger showing large 
vessel on dorsal surface. E, profundus tendon in distal segment of finger showing mesoten- 


don with large vessels present. 


tendon. Normally, there is a fine network of 
vessels running in the superficial layers of 
the tendon but after injury there are many 
channels visible inside the tendon. 

The following three cases are presented to 
demonstrate the approximate changes en- 
countered under various clinical conditions. 


CASE REPORTS 


Case 1. A two year old child fell on a tin can, 
suffering puncture wound of the proximal segment 
of the finger which severed both tendons. At oper- 
ation carried out one month later the tendon was 
found to be somewhat adherent. (Fig. 2A.) 

Case u. A forty-five year old man fell on ex- 
tended right thumb with rupture of flexor pollicis 
longus. At operation carried out three months later 
the long flexor of thumb was found to be degener- 
ated with contraction of both ends. (Fig. 2B.) 

Caseiu. An eighteen year old boy severed both 
flexor tendons in the proximal segment of the index 
finger with a sharp knife. Primary repair was done 
using “‘suture at a distance” technic. Four months 
later secondary repair was done at which time 
complete separation of the tendon juncture was 
found. Pathologic report was necrosis of tendon. 


(Fig. 2C and 2D.) 
COMMENTS 


The clinical application of these studies can- 
not be made without reference to some appar- 


ently confusing related subjects. The ability 
of a free tendon graft to survive and to main- 
tain practically normal morphology would 
make the blood supply of a normal tendon seem 
rather unimportant. Actually, the extremely 
low metabolism of tendon tissue enables a 
graft to survive without undergoing any 
changes until sufficient blood supply has 
developed from the paratenon which the 
tendon acquires in its new location. In a similar 
manner when the insertion of a tendon is 
transferred leaving the proximal muscular at- 
tachment intact, the tendon distal to the 
musculotendinous area must acquire a blood 
supply from the tissues in which it is placed. 
The changes which have been demonstrated 
as occurring in insheathed flexor tendons after 
injury; namely, increase in vascularity with 
degeneration of the normal histologic pattern 
are common to all injured tissues. They are, 
however, proportionately much more severe 
in insheathed tendons than elsewhere. Ex- 
cluding infection as a cause of these changes 
the most probable cause is disturbance of the 
blood supply of these tendons. Interference 
with the venous return is the usual precipitat- 
ing factor in vascular accidents to peduncu- 
lated flaps and must be suspected of being the 
essential factor in the area where failures of 
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Fic. 2. Photomicrographs showing vascular channels in damaged tendon (low power, 15; high power, 100). A, 


Case 1. Damaged profundus tendon and sheath removed from proximal segment of finger in child. Note pronounced 


increase of vascularity of sheath and central area of tendon, absence of dorsal vessel and adhesion between tendon 
and sheath. B, Case 11. Flexor pollicis longus which ruptured over old fractured scaphoid. Note absence of marginal 
vessels, increased vascularity within tendon and general disorganization of tendinous structures. C and D, Case 111. 
Profundus tendon of index finger which separated following primary repair. C, tendon proximal to repair in palm 
showing increased vascularity, disorganization of tendon fascicles and absence of dorsal vessel. D, tip of tendon 
showing degeneration of tendon tissue and decreased vascularity. 
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tendon repair occur in no man’s land. Within 
the proximal segment of the fingers there is, 
anatomically, a maximum opportunity for 
interference of the blood supply of flexor ten- 
dons to occur and these areas, clinically, are 
known to present the highest proportion of 
complications following repairs. The occasional 
successful result in this area may represent a 
fortuitous vascular arrangement more often 
than a brilliant technical achievement. In my 
own cases I have observed that restoration of 
function is more often achieved when the ten- 
don ends can be recovered easily through the 
original laceration, and repair was accom- 
plished with a minimum of dissection and 
suturing. The inconstancy of these results 
which parallels the erratic behavior of tendon 
repairs in this region renders any statistical 
evaluation useless. 


SUMMARY 


1. The blood supply of normal flexor ten- 
dons is presented with histologic studies of 
tendons. 


2. Disturbances in the vascular pattern 
following injury are described and discussed. 


Acknowledgment: We are indebted to Dr. 
F. H. Bentley, formerly of Newcastle on Tyne, 
who offered some suggestions for the last 
paragraph of the text. 
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Minor Surgical Aspects of Closed Wounds 


S. A. Swenson, JR., M.p., Omaha, Nebraska 


HE surgery of trauma can be considered 
a highly specialized field. With the in- 
creasing mechanization of everyday life from 
the kitchen to the farm and factory, everyone 
in the practice of medicine will encounter and 
be required to treat the results of trauma. 


TABLE I 

CLASSIFICATION OF CLOSED WOUNDS 
1. Contusions 

(a) Contusions of soft parts 

(b) Blisters 

(c) Hematomas 

(d) Contusions of bone and cartilage 
. Sprains 

Strains 
. Dislocations 
. Simple fractures 


Basic surgical principles are applicable in any 
situation but there is much to be considered in 
the attempt to restore the injured tissue, mem- 
ber, organ or individual to its pre-trauma 
function. 

Christopher? defines a wound as an injury or 
forcible solution of continuity of any tissue of 
the body caused by external violence. A closed 
wound is a wound without a break in the skin 
or mucous membrane. Although the term 
violence generally indicates physical force, 
thermal or chemical disturbances are included. 
(Table 1.) 

A contusion or bruise is a traumatic solution 
of continuity of tissue without complete 
anatomic separation. It is accompanied by an 
effusion of blood or lymph by swelling and 
occasionally by the formation of blebs. When 
the skin is unbroken, the fluid collection can 
be considered sterile and several methods may 
be applied to hasten reabsorption of the 
effusion. In general, the time-honored treat- 
ment of bruises or contusions has been a 
preliminary attempt to localize and prevent 
edema by the immediate application of cold, be 
it a cold table knife, ice packs or ethyl chloride 
spray. Kessler and Van Emburgh‘ treated 198 
cases of trauma with antihistamines on the 
theory that the edema was on the basis of 
locally liberated histamine. They were greatly 


impressed with their results and found that 
pain and local edema were markedly decreased. 
After gathering their material, Kessler and Van 
Emburgh were somewhat dismayed by Mayer’s® 
report which indicated that the inflammatory 
reaction in tissue produces a high hyaluronidase 
concentration. As it is known that the anti- 
histamines have the capacity to destroy or 
limit the action of hyaluronidase, it was their 
amended conclusion that the action of the 
antihistamines was that of destroying the 
hyaluronidase-spreading factor. 

When the initial phase of edema and vaso- 
spasm has been controlled by cold applications 
or the use of antihistamines, some methods of 
removing local fluid accumulations is indi- 
cated. Needle aspiration will frequently be 
sufficient, but contaminated or infected hema- 
tomas may require incision and drainage. 
Hyaluronidase can be used in aseptic conditions 
in an attempt to disseminate fluid accumula- 
tions under tension. The usual dose, 500 vis- 
cosity units alidase®* mixed in a small amount 
of normal saline, is injected into the localized 
fluid. Mixing the hyaluronidase in 1 per cent 
procaine solution will also produce local vaso- 
dilatation, relief of local pain and more rapid 
absorption of the fluid mass. This method can 
also be applied to traumatized bursae or 
synovial spaces which do not respond to 
repeated aspirations. 

The treatment of sprains and strains can be 
considered as a single entity. They both consist 
of incomplete tears or overstretching of the 
involved structure, producing spasm and 
limited function. The initial concept of treat- 
ment of a torn muscle or ligament was that of 
immobilization and rest until the injured tissue 
healed. It is surprising that this misconception 
has persisted with the use of adhesive tape 
strapping, plaster casts and complete disuse 
being the most widely accepted method of 
treatment for a sprained joint or strained back, 
shoulder or hip. Leriche and Arnulf* described 


* The alidase® used in this work was supplied through 
the courtesy of the G. D. Searle Company. 
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the procaine injection treatment of sprains in 
1936. It. was their opinion that “‘a sprain is 
reflex consequence of trauma, and specifically 
the result of a distortion of the nervous appara- 


_tus present in the articular ligaments.” A 


strain results in severe localized spasm of the 


local tissue necrosis and sloughing. The addition 
of efocaine has decreased the number of return 
visits for subsequent injections and frequently 
is sufficient to produce relaxation and anes- 
thesia until the local lesion is healed. With the 
use of procaine and efocaine infiltration technic, 


TABLE II 
SPRAINS AND STRAINS 
Procaine and Hyaluronidase Results 
No. of Efocaine 
Cases Added 
One Two or More at ee 
Injection Injections 
15 13 2 3 14 I 
Knee Pabetaccs 3 2 I I 3 o 


involved and surrounding muscles with re- 
sultant vasospasm of the nearby vascular 
structures. With relief of nerve and muscle 
and vascular irritation by local anesthesia, the 
normal functional state is restored and more 
rapid healing occurs. 

In 1952 I described the use of procaine with 
hyaluronidase as an injection in the treatment 
of sprains and strains. Since that time I have 
had the opportunity to add more than one 
hundred cases in which the combined solution 
has been used with gratifying results. In treat- 
ing strains and sprains the diagnosis must be 
accurate, ruling out bony involvement by 
radiographic examination. As has been de- 
scribed, the point of maximum pain and spasm 
is located and infiltrated with 10 cc. of 1 per 
cent procaine to which 500 viscosity units of 
alidase have been added. During the past year 
I have immediately followed the initial dose of 
procaine with 1 or 2 cc. of efocaine.® Efocaine 
is a stable solution of procaine 1 per cent, pro- 
caine hydrochloride 0.25 per cent and butyl 
p-aminobenzoate 5 per cent in polyethylene 
glycol and propylene glycol base. Upon contact 
with the tissue the procaine is rapidly crystal- 
lized and remains as such to be slowly ab- 
sorbed in seven to ten days. This solution must 
be infiltrated in retrograde as pooling will cause 
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lost time due to accidents from acute strains 
and sprains is greatly decreased. (Table 11.) 
Specifically, the anesthetic injection technic 
may be applied to low back and shoulder 
strains, ankle, wrist, knee and even hip sprains. 
It is interesting to note the immediate return 
to normal function when the pain and muscle 
spasm has been relieved. The results in acute 
shoulder strains have been particularly grati- 
fying. As is commonly accepted, the usual 
lesions in shoulder sprains are tears of the 
rotator cuff, frequently resulting in a partial or 
complete tear of the supraspinatus muscle. If 
the arm or shoulder. is tested for function, 
external rotation and abduction are almost 
impossible. The lack of this function has fre- 
quently been attributed to the loss of the power 
of the supraspinatus muscle in its role as an 
external rotator and abduction of the shoulder. 
Treatment for supraspinatus separation has 
been the application of a tight arm sling and 
even splinting in an abducted and externally 
rotated position in an attempt to reunite the 
separated fibers of the tendon. Failure of this 
treatment is frequent and open operation and 
repair of the tendon is often advised. When a 
definite diagnosis of supraspinatus tendon 
separation has been made, the effect of local 
anesthesia and relief of spasm is startling. The 
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shoulder immediately returns to normal active 
function with full range of abduction and 
almost full range of external rotation. The 
addition of 1 or 2 cc. of efocaine infiltrated 
through, not pooled, the torn tendon results 
in a sustained anesthetic and relaxing factor 
allowing continued normal function. Limitation 
of shoulder motion can be attributed mainly 
to capsular fibrosis from disuse. 

Chronic shoulder strains with repeated in- 
complete tears of the supraspinatus tendon 
insertion result in the well known subdeltoid 
bursitis with or without calcification. A so- 
called calcified subdeltoid bursa will respond 
favorably to diathermy, radiation, multiple 
punctures and irrigation with procaine, if 
solidified. If these attempts fail, open operation 
with curettement of the calcium substance 
from the fibers of the tendon may have to be 
done. Hollander et al.* recently reported the 
use of bydrocortone acetate® in the treatment of 
bursitis. They reported excellent results in 
acute subdeltoid, olecranon and _ prepatellar 
bursitis. In seven cases of chronic subdeltoid 
bursitis, three had good results while four had 
no benefit. I have used hydrocortone acetate 
in five cases of chronic subdeltoid bursitis 
with excellent results in all. One patient re- 
quired two subsequent injections, each giving 
relief for a period of two weeks. The technic 
involved the local injection of 25 mg. of the 
solution into the so-called bursa. Temporary 
aggravation of symptoms may persist for 
twenty-four hours followed by dramatic relief 
of pain. 

Minor dislocations frequently seen in office 
practice are usually limited to the meta- 
carpophalangeal or interphalangeal joints of 
the fingers. A metacarpophalangeal dislocation 
is rare because of the strong extensor or lum- 
brical cuff plus the supporting capsular liga- 
ments. Subluxation or complete dislocations of 
the interphalangeal joints may require nerve 
blocks for anesthesia to facilitate reduction. 
Again, hyaluronidase may be used to advan- 
tage to produce a short acting complete block 
anesthesia. Adrenalin should never be used in 
the procaine solution for anesthesia of distal 
portions of extremities. The resultant ischemia 
in the terminal end-type circulation may pro- 
duce tissue necrosis and necessitate amputation 
of the involved part. Continued motion of the 
joint following reduction of the dislocation is 
essential. Capsular contractures and _ intra- 
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articular adhesions may produce ankylosis if 
the joint is splinted for too long a time. Two 
patients with reduced interphalangeal disloca- 
tion have been treated by injecting 15 mg. of 
hydrocortone acetate into the involved joint 
with relief of swelling and pain and rapid 
return to normal function. The corticosteroid 
hormones are well known for their inhibiting 
action on fibroplasia and I believe that direct 
local injection of the substance into the in- 
volved joint reduced joint contractures and 
adhesions. 

The office treatment of closed fractures is a 
well established procedure, usually consisting 
of immobilizing the involved fragments in as 
nearly perfect anatomic position until healing 
or union has occurred. In general, if anesthesia 
is required for reduction of the fracture, local 
block can be simplified for the use of the 
spreading factor, hyaluronidase. Hyaluronidase 
also tends to decrease local edema and hema- 
toma formation. The use of antihistamines 
can also be considered as suggested by Kessler 
and Van Emburgh.* 

Minor fractures of the upper extremity are 
limited mainly to the wrist and hand. Standard 
treatment of fractures of phalanges consists of 
anatomic reduction and splinting in a functional 
position with return to motion as soon as pos- 
sible. Small joints and small muscles are rapidly 
infiltrated with fibrous tissue when not in use. 
Any splinting involving the metacarpopha- 
langeal joints should either initially place them 
in flexion or allow motion within a period of 
two weeks. Metacarpophalangeal joints anky 
losed in a position of extension result in a 
non-functioning hand. Joint capsulotomies as 
described by Bunnel! will result in restoration 
of normal function. Fractures through the 
neck of the carpal navicular bone require 
special attention. Non-union and aseptic necro- 
sis of the fragments are frequent occurrences 
and are best avoided by adequate immobiliza- 
tion in plaster with the thumb abducted and 
partially flexed. The plaster must extend 
beyond the interphalangeal joint of the thumb 
and to the elbow. 

Toe fractures occur frequently in industry 
and in the home. There is seldom severe dis- 
location of fragments, but pain and swelling 
may severely incapacitate the patient. I have 
had excellent results using the ‘‘well-toe” 
splint. This is accomplished by placing padding 
between the involved and adjacent toes and 
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incorporating them in an adhesive tape splint 
extending beyond the involved joint. The 
great or small toe have only one neighbor so 
additional tongue depressor splinting may be 
required. A metatarsal pad, if only a folded 
4 by 4 gauze sponge, placed just posterior to 
the metatarsal heads affords redistribution of 
weight-bearing and allows walking without 
disturbing the fractured toe. 

Fractured ribs are best treated by partial 
immobilization. Adhesive tape strapping or 
web rib belts will usually produce sufficient 
splinting to allow healing without too much 
pain. Blocking of intercostal nerves with 
procaine followed by efocaine will afford con- 
siderable relief. 

Open reduction and suturing of the frag- 
ments, if multiple rib fractures are present, 
have also been advocated. This procedure 
might be applicable if the fractures are so 
extensive that paradoxical respiratory motion 
would be a complicating factor. 


SUMMARY AND CONCLUSIONS 


The office treatment of closed minor wounds 
has mainly consisted of thermal applications, 
splinting and immobilization. Convalescence 
has been slow, with gradual return to normal 
function. The introduction of long-lasting 
anesthetic and antispasmodic solutions has 
resulted in radical changes. Return to normal 
activity and function is rapid if not immediate 
and little time is lost from gainful employment. 
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DISCUSSION 


Paut Vestat (New Haven, Conn.): 
There is just one question | would like to ask Dr. 
Swenson after expressing my appreciation for this 
unusually good paper. It concerns many of us. In 
New Haven we found that efocaine produced 
anesthesia, but it also destroyed the nerve, and 
we have become fearful of that. I would like to 
ask Dr. Swenson if that has also been his experience. 

SawniE R. Gaston (New York, N. Y.): I en- 
joyed this paper on hyaluronidase very much. We 
have used it a good deal at the New York Ortho- 
pedic Hospital and our experience has been 
reported by Dr. W. R. MacAusland, Jr. and Dr. 
J. J. Gartland in the New England Journal of 
Medicine, November 1952. I think mention should 
be made of one of its uses not mentioned and that 
is its efficacy in the management of hemarthrosis 
due to hemophilia. 

The dispersion of the joint fluid, particularly in 
elbows and knees, is extremely rapid, approaching 
the miraculous. Within twenty-four hours the pain 
subsides and joint motion is improved. It has also 
been used for the dispersion of local procaine 
anesthesia in such injuries as Colles’s fracture 
with the belief that the anesthetic effect is more 
rapidly achieved and prolonged. 

I have been very much interested for a number 
of years in the low back syndrome and that interest 
was stimulated by one of our very prominent mem- 
bers, Barbara Stimson, who, after the war, started 
a low back clinic at the Presbyterian Hospital, 
employing men of diversified talents—radiologists, 
internists, neurosurgeons and orthopedists—who 
were trying to meet on a common ground to under- 
stand the cause and pathogenesis of this entity. 
One of the things that interested us particularly . 
was the acceleration of recovery of the patient with 
acute low back pain to normal function. 

The physiology of the disability is obscure. 
Something happens—probably a torn ligament, 
fascia, muscle or avulsion of muscles—which 
initiates a rapid physiologic chain reaction, ending 
in splinting and immobilization. This overactivity 
of a reflex action, which is intentionally protective, 
actually constitutes the patient’s disability, and 
the effective reversal of this muscle spasm appears 
to be the key to treatment. . 

We tried ethyl chloride spray and tubocurarine. 
We have long known the effects of complete bed 
rest, elimination of gravity and leg traction. The 
end result was always assured. By one of these 
methods muscle splinting was relieved. The 
tubocurarine was rather cumbersome because we 
did not believe it was safe for an office procedure 
and required hospitalization. Ethyl chloride in 
some instances gave fair results but in the long 
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run also proved rather tedious. Probably procaine 
and hyaluronidase may be the accelerating factor. 

I have a question that I should like to ask. 
Where in an acute back when examination for 
specificity of lesion is virtually impossible because 
of the patient’s immobility by pain, does Dr. 
Swenson elect to inject hyaluronidase and pro- 
caine, and what sites has he found that can reverse 
this pattern within a few hours which takes us a 
little longer by other methods? 

I should like to make one additional remark. I 
think the use of any anesthetic agent around the 
ankle joint as a form of treatment in the so-called 
sprain with a negative x-ray justifies comment. 
The possibility of an overlooked complete liga- 
mentous injury temporarily masked by such treat- 
ment urges me to reemphasize the importance of 
testing the integrity of the ligamentous supports 
of the ankle joint by proper stresses purposefully 
applied during x-ray examination before resorting 
to such treatment. 

JAMEs GIANNESTRAS (Cincinnati, O.): 
I enjoyed Dr. Swenson’s paper very much, as I 
have been rather interested in the use of hydro- 
cortone, commonly known as Compound F. 

The use of hydrocortone in acute subdeltoid 
bursitis or in acute traumatic shoulders has proved 
to be very satisfactory in my hands. On the other 
hand, I cannot agree with Dr. Swenson that chronic 
subdeltoid bursitis can be completely and per- 
manently relieved by the use of hydrocortone. It is 
true that temporary relief is experienced even in 
the chronic cases because of the prolonged anes- 
thetic effect. But if one observes these patients 
over a long period of time, recurrence of the 
symptomatology is almost invariable. One situation 
in which I think hydrocortone is of great benefit is 
in lateral epicondylitis of the elbow, commonly 
known as “tennis” elbow. 

As is well known, this syndrome is rather dis- 
abling, particularly to the working man. The 
results from the injection of Compound F are 
nothing short of miraculous, since one or two in- 
jections will relieve the symptoms completely. 
The technic consists of locating the exact maximum 
point of tenderness over the lateral epicondyle and 
the injection of 14 cc. of hydrocortone with an 
18 gauge needle into this tender area. If the exact 
spot of maximum tenderness is not localized, the 
results are unsatisfactory. 

Again in this situation, I believe that the 
mechanism is one of prolonged anesthesia. Pa- 
tients have returned to me at the end of three to 
six months with a mild recurrence of their symp- 
toms in which case an additional injection of % cc. 
of Compound F causes a complete subsidence of 
the pain. 

I do agree with Dr. Vestal that the use of efo- 
caine is not one to be considered lightly; since in 
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some instances following injection of this medica- 
tion there has been crystalization in the soft 
tissues followed by severe pain and disability. On 
one occasion, | cc. of efocaine was injected into the 
tender area of the lateral epicondyle of the elbow 
and within one hour, the pain over this region was 
so intractable that it was necessary to hospitalize 
the patient and administer rather heavy sedation. 
A great deal of reaction of the soft tissue developed 
about the lateral epicondyle of the elbow, and at 
the end of forty-eight hours it was necessary to in- 
cise and drain the area. A definite slough of the sur- 
rounding soft tissue was found with necrosis of part 
of the extensor origin at the lateral epicondyle. 

I believe, therefore, that this medication should 
be used with a great deal of fear and trepidation 
and certainly not with unyielding structures such 
as fascia or tender muscular areas where dispersion 
of this medication would be somewhat limited be- 
cause of the structure of the tissues. 

FREDERICK REICHERT (San Francisco, Calif.): 
Dr. Swenson mentioned low back pain but he did 
not say where he put the procaine. I am wondering 
whether he knows about the interspinous ligament 
spaces that contain sympathetic fibers, where the 
deposition of procaine into trigger spots between 
L-34 and L-45 and sometimes L-5 and S-1 may 
give relief of pain almost instantaneously. Some 
years ago there was a paper on little herniation of 
fat along the sacroiliac joints and the author 
excised them. However, in discussion, we found 
that he placed deposits of procaine in the spots and 
got relief just as well as by incision. Therefore, 
deposition between interspinous ligament spaces 
and along the sacroiliac region has very frequently 
given almost instantaneous relief. 

Dr. Samue.t A. Swenson, Jr. (closing): I have 
been gratified with my results with the injection 
technic. I am also gratified with the amount of 
discussion that we have had over this relatively 
simple subject. 

In attempting to answer Dr. Vestal’s questions 
about the destruction of nerve by efocaine, | think 
the entire secret in the use of efocaine is that of 
infiltration and not pooling. I have used efocaine 
in direct nerve blocks in thoracic surgery, particu- 
larly when opening and closing the chest. I have 
injected efocaine directly into the intercostal nerves 
on either side of the incision with excellent results 
merely by not pooling the substance itself. 

I have also found that there is a great deal of 
difference in the injection technic when using this 
type of substance in that the injection of the 
material should be done as the needle is with- 
drawn and not as the needle is forced into the 
tissue. As I said, this substance is crystallized im- 
mediately upon contact with the tissues. If the 
substance is injected as the needle is forced into 
the tissue, the crystallization and high viscosity 
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of the substance will tend to push the tissues away 
from the end of the needle and result in pooling. 
However, if the substance is injected as the needle 
is withdrawn, the anesthetic will be infiltrated. 

I have had no poor results using this technic of 
injection. I also found, very early in the use of 
efocaine, that you cannot inject it “cold.” It must 
be injected into an area which has been previously 
anesthetized with procaine because efocaine will 
produce intense burning pain immediately upon 
injection, and you cannot keep the patient on the 
table long enough to get the needle out of him. 

Dr. Gaston’s remarks on the use of hyaluronidase 
in hemarthrosis is interesting. I have used it in 
hemarthrosis and in other areas such as abdominal 
ascites in cases of abdominal carcinoma, and have 
had very good results over a short period of time. 
There is no long-lasting effect of hyaluronidase. 

I have also had fairly good results in the use of 
hydrocortone acetate injected into the joint in 
hemarthrosis. Again, I believe that the cortico- 
steroid hormones in decreasing fibroplasia tend 
to reduce the number of adhesions in the joint 
following hemarthrosis. 

About injecting the back, | am sorry | was not 
more specific in the technic. I did read a prelimi- 
nary paper on this at our state meeting a couple of 
years ago in which I described the technic a little 
more thoroughly. In acute back strains, of course, 
there is a more generalized muscle spasm. However, 
if the back is seen within a few hours after initial 


injury, | have been able to pick out one single 
trigger point area where the patient will tell you 
there is more intense pain or tenderness on deep 
palpation, and perhaps this gives us some indica- 
tion as to Dr. Reichert’s discussion about the 
small fat herniations through the areas around the 
interspinous ligaments, the trigger spots. 

These areas I have found usually in the more 
simple acute back strains in which no other disorder 
has been demonstrated at the time as localized in 
one area. This trigger point then, where the tender- 
ness is most acute, is injected first with procaine 
and, if necessary, also with hyaluronidase; and if 
it is deep within the muscle substance or around 
the interspinous substance, efocaine can be added. 

In the use of efocaine or even procaine injection 
of ankle sprains particularly, as brought up by 
Dr. Gaston, I must again emphasize that these 
anesthetics are used only in the simpler cases. 
When there is a great deal of ecchymosis, swelling 
around the ankle and complete ligamentous tears, 
we are not going to get a desired effect from the 
injection of procaine or any of the anesthetic 
substances. 

In discussing this with Dr. J. E. M. Tompson of 
Lincoln, he brought out the fact that you cannot 
be misled in these cases in the belief that all ankle 
sprains are going to be cured by injection of an 
anesthetic solution. He likened the tearing and 
healing of the large ligamentous structures to the 
ends of two floppy paint brushes healing together. 
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Bizarre Cases of Intra-abdominal Injury 


Lioyp B. JoHNSTON, M.D., Cincinnati, Obio 


sige diagnosis of the acute surgical condi- 
tion of the abdomen is one of the most 
interesting and difficult of all surgical diag- 
noses. This is no less true of the acute trau- 
matic condition of the abdomen which, in the 
type of cases described in this paper, is often 
associated with injuries to other parts of the 
body, sometimes of slight and often of severe 
degree. 

Those who have cared for acute traumatic 
cases have been confused by the abdominal 
pain, rigidity or distention secondary to chest 
injury, spinal injury, retroperitoneal trauma 
and pelvic fracture. Often the decision to ex- 
plore or not to explore the abdomen may tax 
the ability of the most capable and experienced 
surgeon. To determine the presence or absence 
of peritonitis or to differentiate a case of 
paralytic or adynamic ileus from a late mechan- 
ical intestinal obstruction may be most difficult. 
Only by careful evaluation of the patient’s 
appearance, the pulse rate, blood pressure, 
temperature, x-ray findings, blood count and 
the presence or absence of peristalsis, pain, 
tenderness, rigidity or percussion dullnes; can 
one arrive with a fair degree of certainty at a 
correct diagnosis. 

In the type of injury we are discussing ex- 
tensive intra-abdominal hemorrhage is un- 
common except in fracture of the spleen. Occa- 
sionally it may result from rupture of the liver. 
Retroperitoneal hemorrhage in the left flank 
may be very difficult to differentiate from slow 
or intermittent hemorrhage from the spleen. 
In extensive retroperitoneal hemorrhage the 
posterior parietal peritoneum may be torn, 
allowing some blood to leak into the peritoneal 
cavity. When too much uncertainty exists, an 
exploratory incision is indicated. 

In the event of leakage from a hollow viscus 
the usual signs of peritonitis quickly develop. 
Lacerations of the stomach, jejunum or upper 
ileum may be caused by a blow, by a fall, by a 
throwing of the body or by the passage over 
the abdomen of a heavy object such as the 
wheel of a truck or auto. The last-mentioned 
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type of injury has been known to divide the 
pancreas by crushing it against the spine. In 
leakage from the upper gastrointestinal tract 
or in extravasation of pancreatic ferments one 
sees immediate severe pain, board-like rigidity 
and retraction of the abdomen. The picture is 
not unlike that of acute perforation of gastric 
or duodenal ulcer or acute fulminating hemor- 
rhagic pancreatitis. These findings indicate 
immediate surgical treatment whether or not 
the x-ray shows the presence of air under the 
diaphragm. 

When the lower small intestine or large 
bowel is torn with resulting leakage, the onset 
of pain is more gradual because the lower 
intestinal content is less irritating to the 
peritoneum than is that from the upper gastro- 
intestinal tract. Signs of peritonitis will develop 
within a few hours; and unless the condition is 
recognized, genera! peritonitis will ensue with 
a fatal result. 

The development of gangrene of the small or 
large intestine due to contusion of the intestinal 
wall or thrombosis of mesenteric vessels quickly 
produces peritonitis manifested by pain, tender- 
ness and rigidity, the signs being maximal over 
the affected portion of the abdomen. This type 
of injury may be unassociated with any ex- 
ternal sign of abdominal injury. If the patient 
happens to be unconscious due to a_ head 
injury, or if in pain or shock due to multiple 
injuries, the abdominal condition may go un- 
noticed by the surgeon until returning con- 
sciousness of the patient may allow him to 
complain or until undue abdominal rigidity or 
distention causes the surgeon to suspect the 
presence of intra-abdominal injury. In early 
peritonitis due to leakage from the small intes- 
tine or large bowel, or in early intestinal 
gangrene due to contusion or to thrombosis of 
mesenteric vessels, a marked drop in blood 
pressure is likely to occur within eight to twelve 
hours after the injury. This was seen in Case Iv 
in which gangrene of the terminal ileum and 
cecum was present; it was also seen in another 
patient who had lower left abdominal and 
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pelvic peritonitis secondary to a perforation 
of the sigmoid colon by an object which had 
been passed through the rectum. This low 
blood pressure can quickly be elevated by the 
administration of a sedative and intravenous 
fluids so that surgical treatment may be carried 
out, during which procedure and after which a 
satisfactory blood pressure level may be 
maintained, 


The following cases, which will be described 
briefly, are four somewhat unusual ones which 
have been seen in a general surgical practice of 
twenty-six years. In one our diagnosis was 
incorrect, leading to the death of the patient, 
and in another our handling of the case was 
faulty but fortunately the patient recovered. 


CASE REPORTS 


Case 1. H. W., a thirteen year old boy, was 
in an auto accident in 1939. He received multiple 
injuries including a skull fracture, an extensive 
pelvic fracture and retroperitoneal injury. X-ray 
examination of the pelvis showed a long fracture 
through the pan of the left ilium extending down- 
ward to the ischium. There was also a fracture 
of the left ilium near the lower margin of the 
sacroiliac joint. 

When I first saw the boy two days after his 
injury, he was apparently in fairly good condition. 
His abdomen, however, was quite distended. It 
was silent and tympanitic and he had no appreci- 
able abdominal pain or tenderness. It was my 
opinion that he had a paralytic or adynamic ileus. 
The record does not show that a flat x-ray plate of 
the abdomen was made. Our attempts to deflate 
the abdomen were not successful but we continued 
to try to get an Abbott-Miller tube through the 
intestinal tract. On the second day after I saw 
him he very quickly became extremely ill and 
went into circulatory collapse. It was then too 
late to operate upon him and he died a day later. 

Postmortem examination revealed that a seg- 
ment of the lower small intestine had been trapped 
between the fragments of the pelvis near the left 
sacroiliac joint, causing complete intestinal ob- 
struction. Leakage at the point of obstruction 
had caused peritonitis. It was also found that he 
had subcapsular hemorrhages in each kidney and 
some retroperitoneal hemorrhage in the left 
flank. I have made no search of the literature but 
I have never heard this type of intestinal ob- 
struction described. 

Case u. In 1938, R. S., a sixty-eight year old 
women, fell down stairs about 11 P.M. and suffered 
a scalp laceration which was sutured by her 
family physician. About 1 a.m. she began to 
complain of lower abdominal pain and was given 
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a sedative. By 7 or 8 a.m. she was so ill that she 
was sent to the hospital. On admission her white 
blood cell count was 5,600, with 81 per cent poly- 
morphonuclears and stab count of 16 per cent. 
The abdomen was moderately rigid, slightly 
distended, and tenderness was maximal in the right 
lower quadrant. X-ray examination showed the 
presence of free air under the diaphragm. 

The abdomen was opened and widespread peri- 
tonitis was present. It had been caused by a 
blowout of the terminal ileum which must have 
resulted from the patient doubling up as she fell. 
In some way air had been trapped in a short seg- 
ment of the terminal ileum and sudden pressure 
had caused it to blow out. The patient died in 
approximately thirty-six hours. 

Case ut. A. H., a twenty-eight year old man 
6 feet, 3 inches tall and weighing 220 pounds, was 
seen in December, 1949. He had been struck by a 
boxed motor weighing 750 pounds and had been 
thrown to the ground, striking his head and right 
anterior costal margin. After admission to the 
hospital he had some upper right abdominal and 
lower thoracic discomfort and vomited a couple 
of times. He was then quite comfortable, but 
gradually some abdominal distention developed. 
When I first saw him six days after his admission, 
he had some abdominal distention, slight dis- 
comfort in the right upper quadrant and some 
dullness in the flanks. He was on a soft diet and 
had been having satisfactory bowel movements. 
X-ray examination revealed the presence of 
intra-abdominal fluid. A paracentesis was done 
and several liters of bile-tinged, clear fluid were 
obtained. This procedure gave the patient relief 
and because of his good general condition | 
unwisely decided to temporize. For several days 
he was quite comfortable and then he gradually 
became distressed but less distended than before 
the paracentesis. Four days after the paracentesis 
an exploratory operation was performed. Bile was 
found to be leaking from a small point between the 
gallbladder and the liver. A tremendous biliary 
peritonitis was present. The pelvis and flanks 
were filled with brownish bile sediment, the in- 
testinal surfaces were irritated and early fibrinous 
adhesions were forming. The abdomen was washed 
and cleansed as thoroughly as possible and the 
gallbladder and the right flank were drained. 
The patient recovered uneventfully and during the 
four years that have elapsed he has had no ab- 
dominal symptoms. 

My unwise decision to temporize was probably 
due to the apparent well-being of the patient and 
my ignorance of what sterile bile can do to the 
peritoneum. 

Case iv. H. L. H., a twenty-eight year old 
man, was in an auto accident late at night on 
December 6, 1952, and was thrown from a car. 
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He was taken to a hospital where a scalp laceration 
was sutured. About 2 a.m. he became so noisy 
that his family was asked to take him home 
because he was disturbing other patients. During 
the morning he began to complain of abdominal 
pain and in the afternoon he was seen by his 
family physician who found him in a moderate 
state of shock and with abdominal rigidity. 

On admission to the Good Samaritan Hospital 
that afternoon the patient was dazed but answered 
questions. His temperature was 102°F., pulse 96 
and weak in character, respirations 36 and the 
blood pressure 86/50. The hemoglobin was 82 per 
cent, red blood cell count 4,350,000 and white 
blood cell count 17,500 with go per cent poly- 
morphonuclears and 31 per cent stab cells. The 
abdomen showed no external marks of injury. 
It was flat, markedly rigid and showed generalized 
tenderness, maximal in the right lower quadrant. 
X-ray examinations of the chest and abdomen 
were negative except for the presence of con- 
siderable gas in the stomach and colon. 

The patient was treated with a sedative, in- 
travenous fluids and Wangensteen drainage. 
Antibiotic therapy was started. An hour or two 
after admission he was operated upon and early 
peritonitis was found due to partial gangrene of 
the terminal ileum, the cecum, and the first 
portion of the ascending colon, probably due to 
thrombosis of the ileocolic artery. There was no 
evidence of intestinal leakage. Resection was per- 
formed with an end-to-side anastomosis. With the 
usual measures accorded such cases, an uneventful 
recovery took place. 


SUMMARY AND CONCLUSIONS 


Four cases of somewhat unusual intra- 
abdominal trauma have been described. Several 
conclusions may be drawn which are as follows: 

1. When serious doubts exist concerning the 
intra-abdominal condition, an exploratory in- 
cision should not be postponed too long. 

2. The apparent well-being of the patient 
may lead one astray in the correct evaluation 
of the intra-abdominal condition. 

3. A marked drop in blood pressure is prone 
to occur eight or twelve hours after the onset 
of peritonitis due to leakage from the lower 
intestinal tract or from gangrene of the intes- 
tine resulting from contusion of the intestinal 
wall or thrombosis of mesenteric vessels. 


DISCUSSION 


Ropert Haywarp Kennepy (New York, 
N. Y.): One aspect of this problem is worth 
stressing. Only one of these patients reported on 
was believed to have a fracture, but any one of 
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them had had such a mechanism of injury that 
he might have had a fracture. I am told that there 
are many hospitals in this country at the present 
time where the mere fact of the proving of a 
fracture by x-ray automatically admits the patient 
to the orthopedic service. This is dangerous. 

In most cases of multiple injury, particularly 
those involving the chest and abdomen, the frac- 
ture is of minor importance in comparison with 
what may be going on within the abdomen or 
chest. I do not know any reason why the patient 
with a fracture of the lower portion of the rib 
cage or a fracture of the pelvis, or even a fracture 
of the lumbar spine, should necessarily be admitted 
to an orthopedic service, and the general surgeon, 
the chest surgeon or the urologist be called in 
consultation. It is the disturbed physiology of the 
chest, or hemorrhage or ruptured viscus in the 
abdomen, which is going to make the difference 
between life and death in that patient. Such 
patients should be admitted to general surgery. 
They should be observed from the first by the 
most experienced man on the staff, not by a junior 
interne. The orthopedist, the urologist, the neuro- 
surgeon can be called in consultation. The latter 
are rarely experienced in judging the presence or 
progress of a chest or abdominal lesion. 

It is necessary to try to change our hospital 
admission plans so that the multiple injuries go 
into the hands of the surgeon who is prepared to 
go into the abdomen at any moment. He should 
not be called in first after spasm, generalized 
abdominal pain, etc., have appeared, at which 
time one may not be able to localize as well where 
the injury is, as one might have done if the case 
had been seen early and frequently. 

Scalp lacerations were mentioned, I think, in 
two of these cases. There are still some of our 
neurosurgeons who seem to believe that one 
cannot open an abdomen when required until 
consciousness has returned. Merely because the 
man is unconscious from a brain injury is no 
reason to refrain from abdominal exploration if 
shock has been overcome or if there is evidence 
that hemorrhage is too copious to respond to 
transfusion properly. 

WititiaAm L. Estes (Bethlehem, Pa.): Non- 
penetrating abdominal trauma must still be a 
matter of great concern because of the continued 
high mortality that persists following this par- 
ticular type of trauma. 

In a recent analysis of eighty-four cases of 
abdominal trauma fifteen patients were found 
to have died (17.8 per cent), fourteen of which had 
multiple injuries. The associated trauma in these 
multiple injuries may be either severe injury to the 
head, extremities and/or thorax. Of the fatal 
cases, five patients definitely died from the extra- 
abdominal lesions; four of them had very massive 
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injury to the chest. The concomitant injury to the 
chest or head may also obscure symptoms of the 
abdominal lesion. 

Injury to the inferior portion of the chest so 
frequently accompanies upper abdominal trauma 
that in cases in which one of the lower ribs is 
fractured, possible rupture of liver or spleen should 
always be suspected. These casualties should be 
kept under constant and close observation until a 
definite decision for or against operative inter- 
vention can be made, which may be exceedingly 
difficult. Even when hemothorax or laceration 
of a lung seems to be the obvious cause of anemia, 
suspicion that rupture of an abdominal viscus 
may also be present should not be abandoned. 

I therefore certainly concur in Dr. Kennedy’s 
belief that group study of these cases, a meeting 
of minds over the problems they present, is highly 
advisable. 

I also agree with Dr. Johnston that in a small 
number of cases in which even after careful study 
a definite diagnosis cannot be made but intra- 
peritoneal rupture or hemorrhage seems in all 
likelihood to be the cause of their deteriorating 
condition, exploratory laparotomy should be done. 
It is far wiser to explore the abdomen than to 
miss the opportunity of correcting a remediable 
lesion. 

Finally, any doubtful case in which at onset the 
indication for immediate operation is not clear 
should be kept under constant observation. This 
should be the responsibility of the senior surgeon 
in charge or his designated substitute. These 
patients notably make rapid changes from an 
obscure picture—particularly in recovery from 
shock—to a characteristic entity in which indica- 
tions for operation are unmistakable, and this 
change should be discovered and _ recognized 
promptly if lives are to be saved. 

Jere W. Lorp, Jr. (New York, N. Y.): I wish 
to discuss Dr. Johnston’s intriguing case, the one 
of the lad who had the intestinal obstruction to the 
iliac bone compression of the bowel. 

About four years ago I had the sad opportunity 
of taking care of a woman about fifty years of 
age who had attempted to end her life. She jumped 
out of a fourth floor window four blocks from New 
York Hospital and was brought in to the emergency 
room in an ambulance. There were obvious signs 
of severe shock. She was still conscious and com- 
plained bitterly of back pain. 

Examination showed closed fractures of the 
femur on each side, with multiple comminutions 
and fracture of the pubis and ischium. She was 
given plasma, blood and oxygen, and then rallied. 
Her legs were placed in traction. 

During the first few hours the urine output was 
small but then began to increase. About twenty- 
four hours after admission she became distended 
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and abdominal examination was negative except 
for distention. The bowel sounds were inaudible. 

A Levin tube was inserted without relief of the 
obstruction during the ensuing forty-eight hours, 
but her condition was so poor we believed surgical 
intervention was impossible. 

The patient died apparently of pulmonary 
edema and heart failure approximately three days 
after admission. We were fortunate in obtaining 
autopsy and this was done by Dr. Milton Helpern, 
one of the Medical Examiners of New York City. 

Her death was due primarily to mechanical 
small bowel obstruction. In her fall she had had 
a sudden springing apart of the second and third 
lumbar vertebrae, and the jejunum about 3 feet 
from the ligament of Treitz had become wedged 
between the body of vertebrae and was stuck 
there. We were unable to get it out at autopsy 
without a hammer and wedge. There was no 
gangrene, no peritonitis, but of course total bowel 
obstruction, and in hindsight we realized that 
we could not have freed it at operation. 

I would like to ask Dr. Johnston a question. 
If he had had the opportunity to operate on the 
patient, does he think he could have freed the 
bowel from the bony impingement? 

Laurie H. McKim (Montreal, Canada): | 
would like to make one further point in regard to 
Dr. Johnston’s paper, a point he has not men- 
tioned, that trauma cannot always be excluded 
in acute abdominal conditions that appear to be 
purely medical. 

I would like to mention very briefly two such 
cases. The first was in our own hospital about 
fifteen years ago. A woman was in a private ward 
for medical treatment for something in the nature 
of a stomach condition. They were not quite sure. 
They had this patient under observation 

One morning the nurse looked in and found the 
patient in a state of shock and complaining of 
abdominal pain. It was obvious she had an acute 
condition of the abdomen. In line with Dr. Johns- 
ton’s advice on the subject, the abdomen was 
opened. The patient had a ruptured spleen. It 
was found afterward that she had fallen out of 
bed during the night. 

The other case I would refer to dates back to the 
summer of 1918 in one of the British casualty 
stations in France. We had a patient sent down 
from the forward area, a man from the artillery, 
very jittery and supposed possibly to have a 
duodenal ulcer. 

He was sent to the casualty station. There 
were grave doubts as to what he had. He was seen 
by our very good friend, Sir Gordon Gordon- 
Taylor, who thought it wise to hold him for 
observation. 

About three o’clock one afternoon there was a 
slight scrap in the air, a dog fight of five or six 
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British planes and five or six German planes, so 
the greater number of us thought it would be a 
good idea to go out and see this. 

We were watching them shoot at each other 
when this fellow came out of the operating tent 
where he was employed as an orderly. Suddenly 
he said, “Oh!” and fell to the ground. Sir Gordon- 
Taylor, who was then a Colonel and the army 
consultant, said, ‘Ah hah, this perforated duodenal 
ulcer will be the earliest operation on record.” 

We put him in on Colonel Gordon-Taylor’s 
table. The abdomen was opened and a machine- 
gun bullet was found to have perforated the 
duodenum. Tke diagnosis was quick and easy. 
He was turned over and had a hole in his back. 

Lester BreipENBACH (New York, N. Y.): The 
difficulty with all blunt injuries to the abdomen 
is making the diagnosis, and most of the deaths 
which are very high (mortality is still tremendous 
in blunt injuries to the abdomen) is due to the 
fact that we procrastinate and are unable to 
make a diagnosis. 

I would like to call attention to one particular 
injury, blunt injury to the abdomen which involves 
a retroduodenal perforation. This injury is not 
associated with too many physical signs in the 
abdomen, and the surgeon may be fooled because 
of the fact that the picture is false in that there 
is a very definite peritonitis, usually localized to 
that area, but in time there is seepage into the 
retroperitoneal tissues. When such a _ patient 
comes into the hospital, a scout film is taken; 
and at that particular time, if he is seen soon after 
the injury, the scout film may be entirely negative. 
However, in the observation of this individual 
if the scout film is repeated in approximately six 
or eight hours, a seepage of air and exudate will 
usually be found which is shown on the x-ray 
by perirenal and retroperitoneal infiltration with 
air, which is usually present in every one of these 
individuals in spite of the fact that the physical 
signs of the abdomen are meager. This, of course, 
leads to the diagnosis and the individual is operated 
upon, whereas if the physical signs alone are 
depended upon, there is procrastination and the 
case usually ends in death because of inability to 
correct the condition. 

Cuarces G. Jounston (Detroit, Mich.): 
want to add another word to what has already 
been said because I think the problem of handling 
the injured patient is such a general one, as has 
been indicated by those who have spoken before 
me, that I think we cannot emphasize it too much. 

There have been several references made to the 
difficulty of handling these patients when there are 
many specialty services receiving admissions. 

At the Detroit Receiving Hospital we have for 
many years admitted our fracture patients one 
day on general surgery, one day on the orthopedic 
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service. Now, the problem of looking at patients 
as separate anatomic segments is completely false 
and something should be done to correct this 
situation. 

Obviously there are two ways of doing it. One is 
to have all patients seen by general surgeons. The 
other is to be sure that the specialty groups are 
interested in looking at the whole patient; in 
short, do a complete, careful physical examination 
and get enough training in general surgery before 
they go into their specialty so that they are able 
to handle this. 

Some attempts have been made to approach 
this problem by the specialty groups themselves, 
and many of them require one year of surgical 
training, which in general is too little to do them 
any good. Too often it is just a waste of an in- 
dividual’s time because if he is interested in the 
specialty and does not stay long enough on the 
service to get interested in general surgery, he is 
likely to think of the patient only in terms of that 
segment of anatomy in which he is particularly 
interested. We must not forget that general sur- 
geons must get general surgical training also, 
and this must not be limited to the abdomen. 

I am very sorry that Dr. O.Rourke is not here 
today because he has recently worked up some 
cases of diaphragmatic hernias and had hoped to 
present them before this meeting. The case which 
I am to present illustrates the point that I have 
just made. This patient arrived in our hospital 
on the day the orthopedic service was admitting 
patients. He had multiple injuries of the lower 
limb mostly and the pelvis. He was admitted to 
the orthopedic service because of multiple fractures 
and some four or five hours later the orthopedic 
resident decided that the abdomen was somewhat 
rigid and they ought to call in the urologist. 

When the urologist was called in, it was decided 
the man had a ruptured bladder but he was in 
too poor shape to do anything about it. In the 
meantime, after some eight or ten hours, often 
catheterizing the bladder, they decided to have a 
general surgical consultation. 

During this period they had poured into this 
man practically enough blood to float the Mis- 
souri in the hopes of raising his blood pressure. 
Tremendous numbers of continuous transfusions 
at several ports were given in order to raise his 
blood pressure, which did not raise. 

He maintained shock levels over his entire 
period in the hospital. It was primarily because 
they could not get his blood pressure up that they 
thought maybe they had to have some help from 
the general surgeons. 

In examining the man it was quite obvious he 
was not suffering from any difficulties with his 
bladder, that this was not an important problem 
at the moment nor his fractures. However, he 
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had had a diaphragmatic hernia with a tremen- 
dously dilated stomach in his chest. The dilated 
stomach alone could have kept his blood pressure 
down, and all that was needed to decompress 
this was a tube. In addition, most of the blood 
he was receiving was not getting into his heart 
because of the torsion from the sudden addition 
of a lot of viscera in the chest cavity. What he 
really needed was to have a deposition of his 
stomach back into his abdomen and to allow his 


heart to pump blood around and to raise his blood - 


pressure. 

With this type of case you can call in specialist 
after specialist until you finally come to the seg- 
ment of anatomy that you are looking for. It is 
much better, I think, to be sure that someone is 
going to look at the patient as an individual and 
not as a case of fracture or an injury limited to the 
gastrointestinal tract, to the chest or the head. 
Someone should see that the patient is treated by 
one who has basically had the training of just a 
good, sound doctor. 

Epcar L. Gitcreest (San Francisco, Calif.): 
These last papers and discussions simply are a 
confirmation of the reason why it was decided 
to organize this Association. I think fifteen years 
have now elapsed and it has been proved this 
Association was needed. 

I have actually known the resident surgeon of a 
county hospital to be an orthopedic specialist 
which, I think, we all admit is a mistake. We have 
no fault to find with orthopedic friends and neuro- 
surgeons or any of these specialists, but as Dr. 
Johnston just said, the individual should be 
treated as a whole and not in anatomic parts. 

I think if we have done nothing more in this 
continent of ours than impress upon the minds of 
physicians in general that the person who takes 
charge of an individual with multiple injuries 


should be a general surgeon of broad experience, 
we will have accomplished something. | believe 
that as a result of this Association thousands of 
lives are going to be saved that would not have 
been saved. 

Lioyp B. JounsTon (closing): Doctors Kennedy, 
Estes, Johnston and Gilcreest have stressed the 
importance of the complete over-all examination 
of injured patients. At the Good Samaritan Hos- 
pital where most of our patients are private ones 
we are fortunate in that, with our resident training 
program, consultation is usually sought early in 
serious traumatic cases. 

The death of the thirteen year old boy was 
tragic. He was seen in a hospital which | seldom 
visit, and on the day that he suddenly became 
much worse I did not see him until a late hour. 
I believe that in this type of case the surgical 
consultant should, if possible, be one who does 
most of his work in the hospital concerned. Most 
surgeons spend many hours each day in the hos- 
pitals in which they regularly work and frequent 
observation of the puzzling traumatic case is most 
important. 

Dr. Lord asked if the intestinal segment was 
thoroughly engaged between the pelvic fragments. 
It was so engaged and could not be released at 
autopsy. If the boy had been operated upon, it 
would have been necessary to divide the ileum 
in two places, leaving the small trapped segment 
between the pelvic fragments. The case which 
Dr. Lord describes is the only one similar to 
mine of which I have heard. 

I have never seen cases similar to Dr. McKim’s 
where the factor of trauma was questionable. 
Neither have I ever seen a case similar to Dr. 
Breidenbach’s in which there was a traumatic 
posterior duodenal wall perforation. 
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Masor Epwarp J. JAHNKE, JR., M.c., Lt. CoLoNEL Cart W. HuGHEs, M.c. AND CapTAIN JOHN 
M. Howarp, M.c., Washington, D. C. 
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results of trauma, requiring operative 
intervention, are encountered to some de- 
gree by every surgeon. As would be expected, 
the skeletal and nervous systems and the 
abdominal viscera are most frequently in- 
volved, the site of injury being vascular in 
only a small percentage of cases. Because of 
this low ratio of arterial damage to totally 
occurring trauma, concepts as to problems 
encountered and as to methods of management 
can be best evolved during periods of armed 
conflict or similar mass disasters. The material 
presented is based upon casualties treated at 
forward surgical hospitals in Korea. However, 
we believe the same rationale applies, with 
only minor change, to the acute arterial injury 
seen in civil life. Only lesions of major arteries 
of the neck and extremities will be considered. 

A battle wound, be it due to small arms’ fire 
or shell fragments, may result in damage to 
muscles, nerves, bones and arteries. Each com- 
ponent presents certain specific problems in 
management. Following thorough initial dé- 
bridement, definitive surgery on the first three 
can be deferred for long periods of time and 
still be consistent with an adequate functional 
result. This is not true following major arterial 
damage. The one requirement for limb preser- 
vation, if not for limb function, is an adequate 
blood supply. Thus the factor of time is of 
utmost importance. The early management of 
vascular injuries is synonymous with definitive 
surgery and the ability of the soldier to remain 
an effective fighting unit or to return to non- 
combatant duties with a functionally viable 
extremity is dependent, for-the most part, on 
the attending forward area surgeon. 

Starting with the concepts that restoration 
of arterial continuity first, can restore the 
vascular system to its normal anatomic and 


physiologic balance, and second, is essential 
to the preservation and function of tissues 
thereby supplied, three questions must be 
answered. They are: (1) Why perform an 
arterial repair? (2) Where should the repair 
be done? and (3) How should it be done? 
Why Perform Arterial Repair? After World 
War 1, Makins’ monograph on 1,191 gunshot 
injuries of arteries reported an over-all in- 
cidence of amputation of 18 per cent.! Sub- 
sequently, these figures, or others similar to 
them, were quoted without reservation al- 
though many of the series included aneurysms, 
fistulas and even simple vein ligations. The 
gravity of these lesions was in no way analo- 
gous to acute arterial interruption. Only after 
the statistics of World War 1 were compiled 
and analyzed was the seriousness of this small 
but significant group of injuries appreciated.? 
The over-all amputation rate was not 18 per 
cent but 40 per cent and, when considering 
specific arteries, was even more discouraging. 
For example, though lesions of the brachial 
artery in general required later amputation of 
the involved extremity in 26 per cent of pa- 
tients, if the lesion was above the profunda 
brachii, the rate was 55 per cent. Similarly, 
in the femoral area figures of 53 per cent and 
81 per cent were obtained. By far the most 
dangerous area was the popliteal, subsequent 
amputation being necessary in 75 to 100 per 
cent of cases. Some authorities stated that 
ligation in this area led inevitably to amputa- 
tion above the knee within several days. It must 
be realized that these figures are predicated 
upon primary ligation of the damaged vessel. 
With the general application of reparative 
vascular surgery during the Korean conflict, 
the over-all amputation rate has been reduced 
to approximately 10 per cent with similar 
reductions in the various specific areas pre- 
viously mentioned. Of greatest statistical 
significance, however, amputation following 
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popliteal artery injury has been reduced to 
approximately 18 to 20 per cent. This fact 
alone would appear to warrant further applica- 
tion of primary arterial repair following trauma. 

Since the destructive capabilities of weapons 
have increased with each period of warfare, 
even more formidable wounds can be antici- 
pated in the future. As the severity of damage 
increased there is a proportionate increase in 
the loss of vital collateral circulation. This 
further presupposes an additional loss of col- 
laterals by the more extensive débridement 
required. A logical assumption is that ligation 
in these cases may be followed by an ever 
increasing incidence of amputation. This may 
account, in part, for the relatively higher rate 
encountered in World War 1 as compared to 
that encountered in World War 1 and gives 
additional support to the reparative methods 
of initial management as undertaken in Korea. 

Another factor which is a logical progression 
and also substantiates the application of 
arterial restoration is the presence of associated 
fractures in the involved extremity. During 
World War 1 it was found that when the 
vascular lesion was accompanied by a fracture, 
amputation of the involved limb was required 
in 60 per cent of cases as against 42 per cent 
when there was no associated fracture. This 
can be explained in several ways. First, the 
fracture itself may cause further destruction of 
soft tissue collateral circulation or bone spicules 
may act as secondary missiles with a similar 
result. Second, the fracture may destroy col- 
lateral circulation carried within the bone 
itself, a littke known but not inconceivable 
pathway. The value of primary arterial repair 
in similar cases in Korean casualties was ade- 
quately demonstrated. The amputation rate 
remained unchanged whether a fracture was 
present or not, a fact further enhanced by 
associated bone damage in over 50 per cent of 
cases. 

A final serious consideration to be taken in to 
account when questioning why to perform an 
arterial repair is its value in the general healing 
process of associated muscle, nerve and bone 
injury and in the ultimate functional restora- 
tion of the extremity. Although we have no 
statistical evidence to present at present, it is 
our impression as well as that of the other 
surgical specialties involved that bone and 
nerve repair in addition to general wound 
healing are enhanced by restoration of the 
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arterial inflow to as near a normal physiologic 
balance as possible. In addition, a study in 
which amputation of an extremity is the only 
result being compared fails to demonstrate the 
actual value of arterial anastomosis. Although 
approximately 50 per cent of limbs survive 
initial ligation of the main vascular source, 
many patients complain of persistent and often 
progressive arterial insufficiency despite the 
adjunctive use of sympathectomy. This seldom 
has been encountered in a series of over 200 
primary major arterial repairs performed on 
Korean casualties. 

Where Should Arterial Repair Be Performed? 
Having decided why a vascular repair is indi- 
cated, it is important to determine where it 
should be done. Since time is of prime impor- 
tance, any unnecessary delay may cost the 
patient’s limb if not his life. Following most 
wounds, the opportune time for definitive 
surgery may be measured in days, weeks or 
even months. Following major arterial disrup- 
tion, this time is measured in hours at best. 
Thus definitive vascular repair must be done 
in the most forward hospital equipped to per- 
form major operative procedures. In Korea 
this represented the Mobile Army Surgical 
Hospital located several miles behind the 
battle line. 

In previous wars when ligation of an injured 
major artery was standard procedure, patients 
treated within ten hours of injury required 
amputation of the involved limb in 36 per cent 
of cases. If the time lag extended to twenty 
hours or more, this rate rose rapidly to over 
60 per cent. This was indeed a poor outlook 
for the soldier whose only injury might be a 
laceration or division of a major artery. In 
the series of cases studied in Korea it was found 
that time lag still presented a problem, in fact, 
the most serious problem. However, if arterial 
repair was performed, amputation was not 
required in patients treated within ten hours 
and was necessary in less than 25 per cent of 
cases treated beyond that time. In patients who 
did require amputation, irreversible changes 
were present in the tissues before the arterial 
flow was restored and thromboses were found 
in the small arterioles and capillaries which 
actually nourished the surrounding soft tissues. 
Both were pre-existing pathologic changes 
which could not be prevented. We believe 
these limbs could have been saved had the 
patients been seen and treated earlier; another 
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Fic. 1. Technic of performing a direct end-to-end suture anastomosis. The interdigitating toothed Potts 


clamps are used to control blood flow. Note the two initially placed guy sutures which bisect the vessel. 
The anastomosis is completed with a continuous everting mattress suture of No. ooooo arterial silk. 


Fic. 2. The technic employed for inserting an autogenous vein graft to bridge an arterial defect. The only 
difference from the technic used in the direct anastomosis is that two suture lines are involved. Care must 
be taken to reverse the direction of the vein so that any valves present will not obstruct the blood flow. 
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Fic. 3. A defect of the femoral artery repaired using 
a 4 cm. saphenous vein graft. Observe the classical 
incision used to approach the femoral artery. The 
initial wound of entrance is at the medial aspect of 
the popliteal space. This approach enabled rapid 
isolation and control of the vessel and greatly facili- 
tated repair. 


reason for performing vascular surgery as close 
to the front as possible. 

The question also arose as to whether 
a separate vascular center should be created 
and cases evacuated directly to it. This was 
promptly discarded for several reasons. First, 
it would add an additional burden to an already 
burdened evacuation chain. Of greater impor- 
tance, however, was the difficulty in identifying 
a true major arterial injury. Many patients 
with extremity wounds would arrive at the 
MASH with cold and pulseless limbs. It was 
difficult to determine whether this was the 
result of exposure, shock, vascular spasm or 
actual arterial damage. The presence of asso- 
ciated fractures or nerve injury was helpful 
but far from direct evidence. In approximately 
20 per cent of patients major arterial injury 
was recognized only at débridement, a time 
most impractical for transfer to a vascular 
center. Again, the importance of time in rela- 
tion to tactical situation often precluded rapid 
evacuation to any center. A practical and work- 
able solution was to have one surgeon with 
vascular experience at each MASH. He was 
responsible for all major arterial injuries in 
addition to his other surgical duties. 

How to Perform an Arterial Repair. The 
surgical principles involved in arterial repair 
of a battle injured artery are of equal impor- 
tance with the time factor which has thus far 


Fic. 4. Segment of resected femoral artery which 
grossly appeared to be normal. There is marked frag- 
mentation of the internal elastic membrane. 


been stressed. A lesion seen within several 
hours of injury but improperly managed may 
be more disastrous than one seen much later 
but adequately repaired. 

A few statements regarding the use of the 
tourniquet are indicated at this time. It is 
applied by the wounded man in the face of gross 
bleeding almost as a reflex and its value as a 
life-saving measure is beyond question. Once 
under the continual control of a medical officer, 
however, it can usually be replaced by an 
adequate pressure dressing and traction to 
the extremity. This has proved feasible even 
when the blood volume has been restored and 
the damaged segment of artery has not under- 
gone thrombosis. Limbs have been lost by the 
indiscriminate use of the tourniquet. It not 
only obstructs the major artery but obliterates 
the collateral vessels which are so essential at 
this time for tissue preservation. Its use is 
directly correlated with the results seen after 
arterial repair in Korea. The majority of pa- 
tients who subsequently required amputation 
had histories of prolonged periods of application 
of a tourniquet. 

The technic of artery repair is not compli- 


cated. (Figs. 1 and 2.) The blood flow is con- 
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Fic. 5. This is a segment of brachial artery which was 
considered to be normal at the time of excision. Ex- 
amination histologically revealed fragmentation of 
the internal elastic membrane with bleb formations 
on the external surface of the membrane. These 
changes were believed to be early evidence of damage. 


trolled by the use of Potts principle clamps 
with fine interdigitating teeth because they 
allow complete hemostasis with the minimal 
amount of compression of the vessel. Their use 
also permits moderate traction in the long axis 
of the artery, facilitating end-to-end coaptation 
when possible. The arterial repair is performed 
with a continuous everting mattress suture of 
No. oo000 braided arterial silk after two guy 
sutures are inserted so as to bisect the vessel. 
This latter step is used wholly to prevent 
redundant tissue on either side of the suture 
line. Leaks can usually be controlled by gauze 
pressure for several minutes or a_ simple 
through-and-through suture tied just tight 
enough to stop bleeding. The everting suture is 
still recommended in peripheral arteries of 
small size since even minor technical dis- 
crepancies in repair are prone to be followed by 
thrombosis. 

Four points in the specific technic as applied 
to the battle injured arteries were important. 
First was the use of classical incisions to expose 
the injured vessel. (Fig. 3.) It not only per- 
mitted rapid identification and isolation of the 
involved segment but allowed primary control 
of the blood flow both proximally and distally. 
Of equal importance in the presence of large 
numbers of casualties, the classical approach 
made the vascular repair technically easier 
and more rapid to perform. Second was the 
extent of débridement of the artery. The 
cavitational effect of a missile passing through 


Fic. 6. This is an extensive wound of the groin in 
which the iliac artery was severely lacerated. By ex- 
tensive mobilization of the vessel a direct anastomosis 
was performed ten hours after injury with survival of 
the limb and patency of the vessel as determined by 
arteriography. 


the body was known to cause damage far 
beyond the actual tract of the fragment and 
this damage was not limited by fascial planes. 
Therefore, it was essential that arterial débride- 
ment be carried beyond any area that appeared 
grossly injured. We routinely removed at least 
1 cm. of additional normal vessel from each end. 
Histologically, these sections revealed lacera- 
tions and fragmentation which could have 
resulted in thrombosis had they not been 
removed. (Figs. 4 and 5.) The third important 
technical factor was the type of repair per- 
formed. Obviously from the statements just 
made, it was not believed that simple trans- 
verse repair of a laceration was the treatment 
of choice. Therefore, the direct end-to-end 
suture anastomosis was employed in approxi- 
mately 75 per cent of all cases. Similarly, we 
did not believe that the extensiveness of the 
vascular defect contraindicated repair. (Fig. 6.) 
Approximately 25 per cent of cases had arterial 
continuity restored by autogenous vein grafts 
(saphenous or cephalic) varying from 1 to 3 
inches in length. Care was always taken to 
cover the graft with viable host tissue. The 
final technical factor of importance was the 
complete avoidance of tension at the arterial 
suture line and the avoidance of primary 
closure of the soft tissue wound. Late throm- 
bosis at the site of arterial repair was the result 
of tension and infection, both surgical errors 
which could have been prevented. | 
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Fic. 7. An arteriogram of a femoral artery anastomosis performed twenty hours after injury. The dye study was 


performed six months after repair. 


Fic. 8. An arteriogram of a 10 cm. cephalic vein graft used to bridge a brachial artery defect five hours after injury. 
The injection study was done three months after the initial repair. 


The follow-up on the vascular repairs per- 
formed in Korea is only from three to eighteen 
months and a thorough analysis of the results 
has not been completed. (Figs. 7 and 8.) Pre- 
liminary observations, however, appear to 
validate the concept that primary arterial 
suture is the procedure of choice in vascular 
wounds if the greatest number of functional 
as well as viable limbs are to be saved. 


SUMMARY 


The problem of management of battle in- 
juries to major arteries has been presented. 
The concept of primary arterial repair is 


recommended on the basis of statistical evi- 
dence accumulated during World War 1 and 
practical experience obtained during the Ko- 
rean conflict. The factor of time in relation to 
limb survival demands definitive operation as 
close to the battle line as is tactically feasible. 
Finally, several technical factors are discussed 
which significantly influenced the results 
obtained. 
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N general surgical practice patients with 
I circulatory disturbances initiated or influ- 
enced by trauma are frequently seen. As a 
result of delayed diagnosis and inadequate 
treatment, many of them are first seen in an 
advanced stage of vascular insufficiency, often 
with irreversible ischemic changes. 

It is the chief purpose of this paper to de- 
velop a pathogenetic concept, an understanding 
of which is preliminary to early diagnosis, 
prophylactic and definitive treatment of pe- 
ripheral circulatory disturbances following in- 
jury. Certain aspects of circulatory physiology 
related to the effect of injury will be discussed 
and cases illustrating clinical application will be 
presented. A few of the many gaps in the over- 
all knowledge of circulatory physiology will be 
pointed out and illustrated by case reports. 

Physiologic Considerations. The effective 
vascular reservoir volume is defined as that 
portion of the vascular capacity or potential 
containing blood at any particular moment. 
Such vascular reservoir volume must then be 
equal to total blood volume at any one moment. 
Further, the vascular reservoir volume of the 
extremities is an integral part of the total 
vascular reservoir volume. At least under 
physiologic conditions, circulating blood vol- 
ume approaches total blood volume. 

Primary change in total circulating blood 
volume effects a corresponding secondary 
change in effective vascular reservoir. Primary 
changes in blood volume occur physiologically 
by response of the red cell fraction to a stimulus 
such as low environmental oxygen and by re- 
sponse of the plasma fraction to a stimulus such 
as dehydration. Pathologically we are con- 
cerned primarily with the effect of diminished 
circulating blood volume. Sudden decrease of 
blood volume is accompanied by immediate 
decreased peripheral blood flow usually ascribed 
to compensatory peripheral vasoconstriction.':4 


Circulation in the Extremities Following 
Injury 


Wooprow NELson, m.p., Salt Lake City, Utah 


Sudden decreases in blood volume occur fre- 
quently from injury. Peripheral flow is altered 
thereby and ischemic anoxia may be produced. 
Further, anemic anoxia may ensue from acute 
loss of the hemoglobin fraction or from the 
anemia resulting from complications of injury. 

Quantitative change in peripheral blood flow 
in response to sudden decrease in blood volume 
or in response to persistence of low blood 
volume states is less well understood. Further 
understanding of the relationship of superficial 
and deep circulation to decreased circulating 
blood volume is also needed. At present, experi- 
ments designed to study deep and superficial 
circulation changes with blood loss using 
thermistor temperature measurements are in 
progress. 

The peripheral blood flow is also influenced 
by the cardiac output which depends upon an 
efficiently functioning heart, an adequate blood 
volume and an effective labile peripheral resist- 
ance. Myocardial insufficiency, particularly in 
the older injured patient, occurs not uncom- 
monly and causes a peripheral stagnant anoxia. 
As illustrated by the demonstrated increase in 
peripheral blood flow in the hypotension of 
high spinal anesthesia,* systemic blood pressure 
per se is a poor index of total peripheral blood 
flow. 

Variation of peripheral resistance, on the 
contrary, is the body’s principal means of main- 
taining normal blood pressure, thus protecting 
visceral blood flow. Further, it appears to be 
the principal means for rapidly shifting blood 
from one section of the body to another in 
response to local metabolic need or in the func- 
tion of temperature regulation. It also varies 
importantly in response to trauma, sometimes 
at the expense of uninjured tissue. The active 
contraction and dilatation of the arterioles 
which in turn are largely under control of the 
sympathetic nervous system largely deter- 
mines the peripheral resistance. The large 
arteries are more passive in their variations, 
responding to rather than causing pressure and 
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flow changes. Blood flow in the true capillaries 
is influenced importantly by such mechanisms 
as pre- and postcapillary and interstitial fluid 
pressures. 

It should be pointed out that effective 
physiologic short-circuit or by-pass mechanisms 
do exist. Opening of these intercommunications 
may result in increase of total peripheral flow 
without increase of functional or nutritional 
flow. Controversy exists on the relationship of 
skin and muscle blood flow; diagnostic and 
therapeutic error easily results from assuming 
that muscle (and perhaps bone) flow is always 
reflected by the circulation in the skin. Further, 
actual and nutritional blood flow may not 
always coincide. 

Many postulated local factors contribute to 
circulatory disturbances in the injured ex- 
tremity. Edema may produce enough increased 
tissue pressure to collapse peripheral capillary 
beds and to compress venules and veins. Local 
anoxia may thus be produced and venous 
thrombosis initiated. In closed spaces such as 
the anterior tibial compartment, pressure from 
edema may slow or even stop completely the 
arterial blood flow.’ 

Direct vascular injury produces ischemic and 
stagnant anoxia by initiating thrombosis and 
by inducing local and reflex vasospasm. Pe- 
ripheral nerve injury may initiate reflex vaso- 
spasm. In turn peripheral nerve tissue is easily 
damaged by oxygen lack. 

At the same time increased need for oxygen 
usually exists from the increased metabolism 
secondary to the inflammatory reaction to 
injury and infection, and for wound repair. 
Temperature may be raised in ischemic tissue 
by application of external heat thus further 
increasing metabolism and tissue necrosis. 

In this discussion it has been pointed out 
that impairment of circulation may result from 
a variety of systemic and local causes, each 
contributing to some type of anoxia. The re- 
sulting state, commonly referred to as “‘ vascu- 
lar insufficiency,” might be best defined as 
‘“‘a state of peripheral anoxia due usually to 
vascular dysfunction but influenced by many 
factors.” 

In view of the many systemic and local 
factors contributing to tissue anoxia, it is not 
surprising that vascular insufficiencies of many 
clinical types occur frequently following injury. 
They occur more frequently in the older patient 
with arteriosclerotic vessels. 
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CASE REPORTS 


Case. D.L., a fifty-five year old white man 
(apparent age seventy-five), sustained a fractured 
right hip which was pinned on December 2, 1952. 
He had moderately severe diabetes mellitus with 
generalized advanced arteriosclerosis and was 
markedly underweight. No symptoms of arterial 
insufficiency were elicited. Anterior and posterior 
tibial pulsations were absent bilaterally. Moderate 
atrophic toe changes were present. 

He was completely uncooperative in following a 
prescribed diet and refused to stop or curtail 
smoking. His fracture, however, healed normally. 
Six months after injury claudication in the right 
calf began to develop and was soon followed by 
progressive rest pain in leg and foot. Concomi- 
tantly a minute painful malleolar ulcer present 
since initial adhesive traction began to grow. At- 
tempt at skin grafting after partial diabetic control 
was unsuccessful. Anterior and posterior tibial 
pulses had been and remained absent, but marked 
delay in positional color change, dorsal foot edema 
and marked atrophic toe and leg muscle changes 
now appeared indicating probable progressive 
arterial thrombosis. 

His right extremity is now completely useless; 
his state of nutrition is poor, his right popliteal 
pulsation has disappeared and evidence of severe 
peripheral neuritis and malleolar osteomyelitis has 
developed. Etamon,® 1 cc. intravenously, causes 
marked rise in left toe skin temperature and a 
definite drop in right toe skin temperature along 
with moderate hypotension. 

Comment. A combination of systemic factors 
including malnutrition with probable low red cell 
and blood volume, the metabolic disturbances of 
uncontrolled diabetes mellitus plus the local factors 
of disuse, edema and progressive infection set the 
stage for this patient’s rapidly progressive throm- 
bosis with vascular insufficiency. 

It appears that earlier recognition and more 
insistent treatment of his metabolic disturbance 
plus early sympathetic interruption might have 
prevented popliteal occlusion. In spite of ischemic 
neuritis and persistent rest pain, sympathectomy 
at this time might be of some value. 

Decrease in circulation as measured by skin 
temperature change in the affected limb following 
etamon illustrates the contraindication to the use 
of sympatholytic drugs in cases of organic arterial 
obstruction. Blood is hereby shunted from the 
ischemic extremity to those extremities with more 
normal vessels. 

Case u. H. R., a thirty-nine year old white 
woman, fell on her hand on January 16, 1953, 
injuring the right wrist. She first consulted a phy- 
sician on January 21st because of pain in the wrist 
on motion. Examination at this time showed slight 
swelling of wrist without evidence of vascular 
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Fic. 1. Case 11. A, injured right wrist, January 21, 1953. B, left and right wrists, April 29, 1953. C, left 


and right wrists, August 31, 1953. 


dysfunction or nerve injury. Lower radius fracture 
with no displacement and ulnar styloid tip fracture 
was seen on x-ray. The patient was treated by 
plaster immobilization for five weeks followed by 
progressive exercises. X-ray evidence of significant 
union was present at six weeks. 

On March 16th the patient received a firm 
handshake which she thinks reinjured the wrist. 
X-rays on this date were negative except for 
healed fracture and moderate decalcification. She 
complained of deep aching pain thereafter and 
refused to continue exercises. The skin temperature 
and color changes were normal. Thickening of 
interphalangeal joints and atrophic tip changes 
gradually developed and on April 29th slight 
mottling of palmar skin, increased warmth and 
decreased positional color changes were first noted. 

Treatment with repeated stellate blocks, ronia- 
col,® avoidance of cold, etc., was begun. Prompt 
symptomatic improvement and gradual but steady 
objective improvement has resulted. At present 
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minimal interphalangeal joint thickening remains. 
X-rays to illustrate bone structure on January 21st, 
April 29th and August 31st are shown in Figure 1. 

Comment. The discrepancy between increased 
skin temperature and progressive atrophic change 
of deep tissues illustrates the danger of assuming 
that signs of adequate skin circulation indicates 
adequate deep circulation. 

The time of development of symptoms of vascu- 
lar insufficiency coincides with the time of in- 
creased use of the extremity. Prompt response to 
sympathetic block indicates that vasomotor dys- 
function was the significant precipitating factor 
causing the vascular insufficiency. A generally 
acting sympatholytic drug appeared effective also 
in overcoming the local vasomotor disorder 
(vasospasm ?),. 

Case. D. K., a forty year old white woman, 
was admitted to St. Mark’s Hospital on Septem- 
ber 2, 1953, with chief complaint of pain in the 
left leg and anterior thigh of one week’s duration. 
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Fic. 2. Case 11. Note Brodie’s abscess left greater 
trochanter and decalcification left femur and pelvis. 


For eighteen hours the pain had been severe and 
constant. Five years previously the patient had 
had a fracture of the left femur treated by external 
fixation and complicated by osteomyelitis with four 
points of drainage from pin sites. She had no 
disability, however, after one year. Six months ago 
she first began to notice claudication only when 
walking uphill and this has progressed somewhat. 
In addition eight years ago a “milk leg” post- 
partum on the left developed. No swelling or other 
symptoms on this side had been present, however, 
since recovery five months later. 

On admission the significant findings consisted 
of (1) a comparatively cold left foot with absent 
anterior tibial and posterior tibial pulsations; 
(2) decreased positional color changes on the left; 
(3) two plus pallor on the left on elevation; (4) 
temperature of 99°F. and, white blood count of 
13,000; (5) point tenderness over the greater 
trochanter. 

X-ray of the pelvis and left femur (Fig. 2) 
showed significant decalcification as compared with 
the right side and an area in the left trochanter 
interpreted as being due to a Brodie’s abscess. The 
maximum left calf measurement was 114 inches 
less than the right. Left lumbar sympathetic block 
was done on admission. The foot and leg warmed 
and remained warm for forty-eight hours. Pain 
diminished promptly and peripheral pulses re- 
turned to normal for forty-eight hours and then 
became markedly diminished. Toe temperature 
twenty-four hours after block was higher than on 
the normal side. After five days of penicillin 
therapy, lumbar sympathectomy and unroofing 
and curettement of the Brodie’s abscess were 
performed. 

Comment. The late development of symptoms 
and signs of rather acute vascular insufficiency on 


a vasospastic base is of interest. Extent of atrophic 
change in the absence of disuse would suggest that 
a subclinical state of vascular insufficiency had 
been present for a long time. Chronic infection and 
a tendency to vasomotor disorder as suggested by 
a past history of “‘milk leg” may have been pre- 
disposing factors. 
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MINUTES 
Fic. 3. Case m1. Muscle and skin temperatures 
before and after sympathectomy; note labile re- 
sponse to ice before and lack of response to ice after 
sympathectomy. 


Thermistor measured skin and muscle temper- 
atures after sympathectomy were stable. (Fig. 3.) 
Before sympathectomy rather marked response to 
cold was shown by marked decrease in skin and 
small but definite rise in muscle temperature. 
(Fig. 3.) 

Case tv. O.S., a seventy year old white man, 
was admitted to the Salt Lake County Hospital in 
September, 1952, with claudication of the left leg 
for six months; no claudication of the right leg had 
been noticed although both feet had been cold for 
the past several months. Objective evidence of 
chronic arterial insufficiency, three plus on the 
right and two plus on the left, was present. Very 
faint anterior and posterior tibial pulsations were 
present bilaterally and proximal pulses were normal. 

Cardiac evaluation was negative. Some dyspnea 
on exertion had been noted for the past six months. 
Moderate emaciation on a nutritional basis with 
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Fic. 4. Case vi. Anterior tibial muscle; note absence of 
inflammatory cells. 


a 10 pound weight loss in the past year was present. 
Hematocrit was 40. Left lumbar sympathectomy 
was performed, with 1 pint of blood given during 
surgery. Three days later pallor of the right toe 
developed which progressed rapidly to gangrene 
of toes and foot. Leg amputation was required. 

Comment. Gangrene, in this case, was truly 
“‘paradoxic” in that it affected the extremity 
contralateral to the sympathectomized one. One 
wonders if paradoxic gangrene as usually defined 
may not usually be due to thrombosis secondary to 
decreased peripheral flow from decreased circu- 
lating blood volume with at times superimposed 
anoxia from subclinical myocardial insufficiency 
and respiratory depression. 

Casev. D.N. E., a twenty-five year old white 
man, sustained a severe crushing injury of the 
right foot with fracture of the navicular and lacera- 
tions of soft tissue on July 26, 1953. Past history 
revealed severe hyperhidrosis. There was massive 
edema two hours after injury. The patient was 
treated by débridement, suture, plaster immobili- 
zation and elevation. There were no symptoms or 
objective findings of vascular insufficiency during 
an immobilization period of six weeks (two cast 
changes). Good healing of the fracture occurred. 
There was no excessive osteoporosis and no weight 
loss. Hematocrit was 50. 

Intermittent coldness and delayed color changes 
with local swelling began after removal of the cast. 
Bilateral increase of skin temperature with etamon, 
intravenously, occurred but there was no change 
in muscle temperature. Prompt drop in skin tem- 
peratures with cigarette smoking occurred. Im- 
provement has resulted from sympathetic blocks, 
sympatholytic drugs, activity, frequent elevation, 
elastic bandage and elimination of smoking. 

Comment. This patient’s past history, post- 
immobilization course and response to treatment 


suggest a vasomotor hyperactivity. A significant 
number of postphlebitic sequelae patients date the 
onset of their leg edema to the recovery period 
following treatment for a fracture. 

Repeated assessment of vascular status and 
treatment of vasomotor hyperirritability is impor- 
tant prophylactically in the convalescent period 
following injury. 

Case vi. R. W. H., a thirty-six year old white 
man, was admitted to the Salt Lake Veterans’ 
Hospital on May 4, 1953, for right foot drop and 
an infected ulcer over the right fifth metatarsal 
head following minor foot injury. In September, 
1952, this patient sustained a popliteal embolus 
secondary to rheumatic valvular disease with 
fibrillation. This was treated initially with con- 
tinuous epidural blocks and anticoagulant drugs, 
and three weeks later by right lumbar sympa- 
thectomy. Auricular appendectomy was later per- 
formed and the patient was finally discharged in 
March, 1953, having lost only his great toe. 

In April, 1953, a foot ulcer developed secondary 
to minor trauma following which complete foot 
drop developed and the patient was readmitted on 
May 4, 1953. At this time he had complete absence 
of dorsiflexion power and an indolent metatarsal 
head ulcer with metatarsal osteomyelitis. Exami- 
nation of the biopsied anterior tibial muscle 
showed the picture of complete ischemic necrosis 
as illustrated by absent nuclei, absence of inflam- 
matory reaction and atrophic muscle fibers. (Fig. 4.) 
Signs of posterior muscle degeneration and pro- 
gressive foot infection led to supracondylar ampu- 
tation on August 14, 1953. 

On examination of the leg the anterior tibial 
muscle group showed evidence of extensive 
ischemic necrosis with little inflammatory reaction. 
The popliteal artery contained a completely 
occluding old thrombosis but all vessels distal to 
this were patent and normal. The patient was 
underweight and required preoperative blood trans- 
fusions. Blood volume studies were not done. 

Comment. This patient illustrated by his is- 
chemically necrotic muscles, covered by well 
nourished skin, the fact that skin circulation is not 
necessarily an index of deep circulation. His con- 
dition represents an example of the ischemic 
anterior tibial muscle necrosis syndrome which may 
occur from a variety of causes. 

Muscle necrosis developed late in this man’s 
vascularly insufficient limb. Minor trauma, chronic 
infection with edema, and anemia were precipi- 
tating factors. 

Case vu. E. K., a forty-eight year old white 
man, was admitted to the Salt Lake Veterans’ 
Hospital on June 6, 1953, because of severe electri- 
cal injury to the right arm four days previously. 
Self-treatment by generous quantities of alcohol 
and barbiturate occasioned the delay. On admission 
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Fic. 5. Case vii. Appearance eight weeks after injury; note atrophy of muscle and super- 


ficial tissues. 


the patient had (1) third degree burns of the right 
inner upper arm; (2) complete absence of ulnar 
and median nerve function; (3) almost complete 
loss of radial nerve function; (4) marked edema of 
entire arm and hand, absent radial and ulnar 
pulses and coolness and cyanosis of the hand. 
Treatment consisted of local treatment of the burn 
with débridement and compression dressing and 
antibiotics. 

Edema subsided in four weeks time at which 
time it was noted that the extensor group of 
forearm muscles was quite hard. Eight weeks after 
admission radial sensory and motor function had 
returned in part but there was no return of ulnar 
and median function. Constant deep muscle pain 
was present. The skin was pink, smooth and shiny; 
color changes were within normal limits but com- 
paratively slightly delayed. Radial, brachial and 
ulnar pulses were normal. Osteoporosis was marked. 
The appearance at eight weeks is illustrated in 
Figure 5. 

Repeated stellate blocks over a two-week period 
resulted in complete prompt disappearance of pain 
and in restoration of near normal skin color and 
texture. 

Comment. This patient illustrated the effect of 
a combined peripheral nerve and vascular injury. 
Initial vascular insufficiency may have significantly 
affected the extent of peripheral nerve damage. 
The persisting dryness and warmth of the patient’s 
hand suggested initially that adequate blood flow 
was present. That this supposition was false was 
demonstrated by objective and subjective improve- 
ment with stellate block. This man’s findings again 
evince the discrepancy between superficial and 
deep blood flow in post-traumatic states. 


OBSERVATIONS 


Certain problems of (1) pathogenesis, (2) 
diagnosis and (3) treatment of post-traumatic 
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vascular insufficiency, illustrated in part by the 
preceding cases, deserve additional discussion. 

Pathogenesis. The common denominator in- 
fluencing extent and degree of tissue necrosis 
in post-traumatic vascular insufficiency is 
anoxia. In most cases more than one type is 
present. Further, systemic as well as local 
causes are usually present ina single case. 

Evidence of pre-existing organic peripheral 
vascular disease or pre-existing vasomotor 
instability is commonly present as illustrated 
by several of these cases. 

Marked discrepancy between skin flow and 
deep tissue atrophy and necrosis is frequently 
seen, as illustrated by Cases 11, vi and vu, each 
with a different main etiologic factor causing 
their “vascular insufficiency.”” The mechanism 
is obscure and indicates the need for further 
knowledge of normal and abnormal mecha- 
nisms affecting differential blood flow. Ana- 
tomically, the segmental subfascial and epi- 
fascial arterial circulation is fairly well separated. 

Diagnosis. The intermittency of symptoms, 
variability in time of onset, and insidious de- 
velopment of ischemic deep tissue atrophy all 
may combine to make early diagnosis of pe- 
ripheral vascular insufficiency following injury 
difficult. Pain, not in proportion to nature or 
extent of injury in an extremity, should always 
suggest ischemia and vascular insufficiency 
regardless of objective findings. Regional 
sympathetic novocain block promptly proves 
or disproves its presence. Repeated and fre- 
quent examination may be required to detect 
objective evidence of intermittent vasomotor 
disorder. Particular diagnostic attention to the 
circulation is indicated in those patients with 
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aging vessels and in those patients with a 
history of vasomotor dysfunction. 

Particular diagnostic attention is also indi- 
cated in the postimmobilization period follow- 
ing extremity injury. 

Treatment. Successful treatment of vascu- 
lar insufficiency including that following trauma 
depends upon the institution of a regimen de- 
signed to eliminate the various systemic and 
local factors which produce tissue anoxia. Thus 
the patient must be treated as an entity. His 
early total hemoglobin, electrolyte and water 
deficits must be restored early and quantita- 
tively. Further, they must be maintained dur- 
ing the convalescent period along with his 
normal nutrition. Normal cardiac and respira- 
tory function must be established and main- 
tained. Local definitive treatment must be 
aimed at early restoration of that function 
commensurate with his blood supply. Infection 
and edema must be eliminated and special 
early attention given to direct vascular and 
nerve injuries. 

An important adjunct to the treatment of a 
developed vascular insufficiency is the use of 
sympathetic interruption. Systemic interrup- 
tion by use of sympatholytic drugs has a 
limited use. All vessels cannot be dilated at one 
time. In cases of arterial interruption or throm- 
bosis, sympatholytic drugs may actually de- 
crease blood flow to the affected extremity. 
They do appear to have some selectivity of 
action on skin vessels in certain conditions of 
vasomotor hyperirritability. Little is known of 
their action on deep muscle blood flow. 

Local temporary sympathetic interruption 
with elimination of vasospasm or vasomotor 
dysfunction can be easily accomplished by 
lumbar or cervical block with novocain. More 
prolonged effect can be obtained with con- 
tinuous block and permanent interruption by 
sympathetic ganglionectomy. The choice of the 
type of sympathetic interruption depends upon 
several factors including (1) the intensity and 
persistence of the stimuli producing vasospasm; 
(2) the duration of the vascular insufficiency; 
(3) the presence and degree of arterial occlusion 
and of tissue necrosis; (4) the presence of 
peripheral nerve interruption. 

When more than one extremity is involved 
by vascular insufficiency, it should be remem- 
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bered that total circulating blood volume 
cannot be maintained above normal by sympa- 
thectomy or other means. The blood shifted to 
one extremity must therefore be at the circu- 
lating expense of some other part of the body. 
Careful case evaluation is therefore necessary 
in determining the type of interruption to be 
used. The institution of adequate local inter- 
ruption before a state of irreversible tissue 
necrosis occurs is of paramount importance. 


SUMMARY AND CONCLUSIONS 


1. Physiology and pathologic physiology of 
peripheral blood flow is reviewed from a stand- 
point of the systemic and local factors which 
may produce vascular insufficiency. 

2. “Vascular insufficiency”’ is broadly de- 
fined as a “state of peripheral anoxia due 
usually to vascular dysfunction but influenced 
by many factors.”” The pathogenesis of vascu- 
lar insufficiency due to various anoxic states 
produced by trauma is discussed. 

3. Case abstracts illustrating certain patho- 
genetic, diagnostic and therapeutic problems 
of post-traumatic vascular insufficiency are pre- 
sented and discussed. Discrepancies between 
apparent skin and deep tissue blood flow are 
pointed out. 

4. It is concluded that successful prophy- 
lactic and definitive treatment of post-trau- 
matic vascular insufficiency depends basically 
upon a comprehensive approach in recognizing, 
preventing and combatting the types of anoxia 
produced by injury. 
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Trauma to Major Arteries in the 
Course of Cancer Surgery 


JERE W. Lorp, Jr., M.D. AND CHARLES F. SCHETLIN, M.D., New York, New York 


From the Department of Surgery, New York University 
Post-Graduate Medical School, New York, N. Y. 


” the not too distant past one of the most 
important criteria of resectability of a ma- 
lignant neoplasm was the freedom from in- 
volvement of an indispensable artery, wherein 
permanent interruption of blood flow would 
result in loss of limb or in paralysis, or even in 
life itself. A classic example was the failure to 
remove cervical tumors when to do so included 
closure of the common or internal carotid 
artery. Conley' quoted a fatality rate of 
approximately 50 per cent when the arterial 
blood flow to the brain was interrupted. 

As a result of several advances in the field of 
vascular surgery during the past ten or twelve 
years, the surgeon interested in the eradication 
of cancer by operative means no longer has to 
regard the resection of a major artery as a 
contraindication to radical excision of a lesion. 

Although Carrel? laid the groundwork for 
arterial anastomosis and demonstrated the 
value of venous and arterial grafts to bridge a 
gap in an artery, little of clinical significance 
resulted until World War 11 generated interest 
in arterial injuries and the various means of 
restoring and maintaining arterial blood flow.*~7 
Recent reports by Seeley and his associates* 
have demonstrated brilliantly how much can 
be accomplished by experienced surgeons with 
acute arterial injuries at the front and in a 
specialized center later with their sequelae of 
aneurysm and arteriovenous fistula. Further, 
and probably of the greatest importance, was 
the development of surgical procedures for the 
correction of congenital cardiac anomalies by 
Gross,’ Blalock,'® Crafoord!! and Potts.!2 These 
pioneers, along with others, aroused intense 
interest in cardiovascular surgery throughout 
the world so that an enormous amount of 
clinical and experimental work has been carried 
out since 1945 in this field. One of the most 
valuable contributions was by Gross and his 
associates'* in the development of the arterial 
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bank. Subsequently the first community ar- 
terial bank was established in New York City." 
Although arterial grafts were used originally 
for bridging gaps in the congenital lesion of 
coarctation of the aorta, they have recently 
been used more frequently for replacement of 
defects in the aorta after resection of aneu- 
rysms. Autogenous venous grafts have been 
shown by a number of authors":'* to be unsafe 
and possibly dangerous for bridging a gap in 
the aorta but to be superior to homologous 
arterial grafts in all major arteries other than 
the aorta." 

In most of the cases in which a segment of an 
artery is resected with a malignant neoplasm, 
an autogenous venous graft is the one of choice 
unless the aorta is involved, wherein a homolo- 
gous arterial graft should be employed. Occa- 
sionally direct end-to-end anastomosis of the 
artery is possible, which, when accomplished 
without significant tension, is the most de- 
sirable technic. There are circumstances where 
a major artery is injured accidentally during 
cancer surgery and the vessel should as a rule 
be repaired by standard technics (Case 1).°*'* 
However, clinical judgment may at times dic- 
tate a conservative approach to the manage- 
ment of an artery interrupted during cancer 
surgery. Such a factor as gross contamination 
with potentially virulent bacteria, as in resec- 
tion of the bowel with open anastomosis, may 
recommend a course of therapy designed to 
utilize maximally the collateral circulation in 
order to preserve an extremity (Case 1v). Occa- 
sionally the cardiopulmonary status of a patient 
may not warrant an intrathoracic exposure of 
the first portion of the subclavian artery in 
order to restore continuity in that vessel injured 
during an operation which included radical 
neck dissection and total laryngectomy (Casev). 
Under the aforementioned circumstances, as 
well as some others, better results in terms of 
life and limb will sometimes follow ligature of 
the injured artery and intensive postoperative 
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Fic. 1. Leiomyosarcoma involving the common, superficial and profunda femoral — 


arteries of left thigh. 


therapy designed to promote a rich collateral 
circulation and to prevent thrombosis of the 
arterial tree proximally and distally. 


CASE REPORTS 


Case 1. K. A. (University Hospital, No. 
K30549), a forty-two year old white woman, was 
subjected to a right radical mastectomy for carci- 
noma of the breast with axillary metastasis. During 
the course of the axillary dissection a significant 
arterial hemorrhage occurred and clamps were 
applied with control of the bleeding. The mas- 
tectomy was completed and further inspection of 
the axilla revealed the cause of the bleeding to be 
a 1 cm. longitudinal laceration in the axillary 
artery. The patient was seen in consultation, and 
following adequate mobilization of the axillary 
artery proximally and distally an end-to-end 
anastomosis was readily carried out. The post- 
operative result has been excellent, the radial 
pulses being equal at all times, confirmed by 
oscillometric studies. 

Caseu. F.C. (Bellevue Hospital, No. 54617-51), 
a fifty-four year old white man, was admitted to 
the Surgical Service on December 27, 1951, because 
of a lump in the left groin slowly increasing in size 
over a period of nine months. This had never 
caused pain and did not prevent walking or bend- 
ing. There were no other symptoms. System review 
was negative and family history non-contributory. 
The patient was a well developed, undernourished, 
white, middle-aged man. Physical findings were 
within normal limits except for the left lower leg. 
The left lower extremity showed a hard, nodular, 
subcutaneous tumor, non-tender, just below the 
left inguinal ligament approximately 4 by 7 cm. in 
size. The skin was freely movable although the 


mass appeared to be adherent to the underlying 
vessels. The femoral artery and vein were dis- 
placed somewhat laterally and moved with the 
tumor. Superficial dilated varicosities were evident 
in the skin from the tumor mass area up into the 
left lower quadrant. It appeared to lie between the 
sartorius and the quadriceps muscles and moved 
with them on contraction. No other masses were 
palpable. Laboratory studies were essentially nega- 
tive except for biopsy. Microscopic section re- 
vealed a tumor mass composed principally of 
whorled bundles of neoplastic cells. The cells were 
fusiform with deep basophilic staining nuclei and 
pale cytoplasmic processes. The diagnosis was 
leiomyosarcoma. 

On January 17, 1952, a longitudinal incision was 
made over the tumor mass extending from the 
lower abdomen two-thirds of the way down the 
left thigh. A large, well encapsulated tumor was 
found deep to the fascia which completely en- 
circled and included the common, superficial and 
deep femoral arteries as well as the corresponding 
femoral veins. (Fig. 1.) It had completely replaced 
the rectus femoris muscle but did not involve the 
femoral nerve. The femoral vessels were identified 
above and below the tumor and isolated with 
Penrose tubing, and the mass dissected free widely 
from the medial and lateral muscles including the 
muscle fascia. Using new aseptic technic, a 12 cm. 
segment of superficial femoral vein from the oppo- 
site thigh was then removed and placed in a saline 
bath after irrigation with heparin solution. The 
left femoral vessels were then divided 2 cm. below 
the tumor and a polyethylene tube inserted in the 
distal femoral artery through a Blakemore clamp. 
Five cubic centimeters of a 10 per cent heparin 
solution in saline were injected every three minutes 
into the distal artery. The mass was removed after 
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Fic. 2. Free vein graft (11.5 cm.) connecting common and superficial femoral arteries at first 


operation. 


dividing the proximal femoral vessels distal to a 
Potts clamp just below the inguinal ligament. The 
end of the proximal artery was then sutured to the 
distal end of the femoral vein graft, using two 
everting continuous mattress sutures of arterial 
silk placed 180 degrees apart. The other end of the 
vein graft was then sutured to the distal artery 
using the same technic after the Blakemore clamp 
had been replaced with a Potts clamp. Strips of 
gelfoam were placed around the suture lines. Fol- 
lowing removal of the clamps, blood could be seen 
coursing through the artery and graft and pulsa- 
tions were noted in both. (Fig. 2.) The free graft 
measured 11.5 cm. in length and .7 cm. in diameter. 
During the procedure the profunda femoral artery 
was divided 2.5 cm. from the tumor. The wound 
was closed in layers after the sartorious muscle had 
been detached from the anterior iliac spine and 
sutured to Poupart’s ligament to obliterate dead 
space over the vein graft. Immediately after the 
procedure pulsations could be felt in the dorsalis 
pedis and posterior tibial arteries. The patient was 
kept in the Trendelenburg position and treated 
with subcutaneous heparin for one week. There 
was a slight slough of the skin incision which was 
covered with a split graft six weeks later. Oscillo- 
metric studies one month later showed good pulsa- 
tions in both extremities with slight increase on 
the right. There was slight edema of both extremi- 
ties. The patient left the hospital about two 
months after operation, walking easily. (Fig. 3.) 
Pathologic study showed the leiomyosarcoma 
apparently arose from the wall of the femoral vein 
and surrounded but did not invade the common, 
superficial and deep femoral arteries. 

The patient remained well for about thirteen 
months, but almost one year from the date of 
previous discharge he was readmitted with a hard 
circumscribed mass 3 by 5 cm. noted lateral to the 
previous scar, deep in the musculature of the left 


Fic. 3. Patient two months after replacement of left 
femoral artery by free vein graft. 


thigh and apparently almost fixed to the deep 
structures of the region. This mass was non-tender 
and had been present less than one month. The 
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Fic. 4. Appearance of vein graft following removal of left lower extremity for recurrence of tumor about fifteen 
months after original operation. 


Fic. 5. Vein graft opened showing gross appearance simulating artery. 


rest of his study was negative, including x-rays 
of the long bones and chest. Local exploration of 
the mass was carried out and it proved to be 
widely attached, so two weeks later, on April 1, 
1953, a left hemipelvectomy was performed. On 
pathologic examination the tumor mass was identi- 
cal with the previously excised tumor. No tumor 
could be identified grossly or microscopically above 
the area of local recurrence in the thigh. Grossly 
the vein graft appeared like the contiguous artery. 
(Figs. 4 and 5.) On microscopic section the graft 
had an endothelial lining which appeared smooth 
and continuous. There was marked intimal fibrosis 
and an internal elastic lamella of arterial type was 
present in some segments. The patient had a 
smooth convalescence, and six months after the 
last operation was still living and well. 

Case uit. R. L. (University Hospital, No. 
K62723), a fifty-five year old woman, was operated 
upon by Dr. Alexander Zimany and one of the 
authors (J. W. L.) for extensive recurrent carci- 
noma of the vulva with large inguinal metastases. 
The procedure was performed in two stages, the 
second one being a right radical groin dissection. 
The neoplasm involved the adventitia of the super- 
ficial femoral artery for a distance of 1 cm. The 
tumor mass was resected with 1.3 cm. of the 
artery, continuity being restored by end-to-end 
anastomosis. Excellent pulsations were present in 
the arteries of the right foot postoperatively. Un- 
fortunately, the patient succumbed to an intra- 
abdominal spread of the cancer within four months 
of her second operation. 

Case 1v. C. M. (University Hospital, No. 
K49549), a forty-eight year old white woman, was 
operated upon by Dr. J. William Hinton for carci- 
noma of the sigmoid colon. The neoplasm involved 
the surfaces of the left ureter and left common iliac 
artery. It was possible to dissect the tumor from 
these two structures, but in so doing, the wall of 
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the artery was weakened which led to severe 
hemorrhage shortly after completion of the bowel 
anastomosis. The common iliac artery was then 
ligated with complete control of all bleeding. One- 
half hour postoperatively the patient was seen in 
consultation and the left foot was marble white, 
without venous refill and devoid of sensation. A 
paravertebral block had been performed immedi- 
ately postoperatively without obvious benefit. Con- 
servative therapy was employed and consisted of: 
(1) elevation of the head of the bed 6 inches on 
blocks so gravity could enhance blood flow through 
arterial collaterals; (2) a heating pad was applied 
to the abdomen continuously in order to eliminate 
as far as possible all vasomotor tone, (3) heparin 
was administered continuously, beginning three 
hours postoperatively in doses of 30 mg. subcu- 
taneously every six hours; and (4) the patient 
discontinued the use of tobacco postoperatively. 
Her convalescence was uneventful; heparin was 
stopped on the fourth day and walking began on 
the tenth day postoperatively. At first the pain of 
intermittent claudication was noted after walking 
100 feet. Three months after the operation the 
patient’s walking distance was two blocks; when 
seen two years later she was in excellent health and 
could walk without limitation. 

Case v. F. H. (University Hospital, No. 
K65917) was operated upon by Dr. John F. Daly 
for carcinoma of the larynx with lymph node 
metastasis to the right cervical region. A total 
laryngectomy and right radical neck dissection 
were performed. During the course of the dissection 
inferiorly behind the clavicle, brisk bleeding from a 
sclerotic branch of a short thyrocervical trunk de- 
veloped. This was soon followed by hemorrhage 
from the subclavian artery near its point of 
emergence from the thorax. The patient was seen in 
consultation and it was evident that complete 
occlusion of the subclavian artery caused no serious 
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change in color or temperature of the right hand. 
In addition to the foregoing observations two other 
factors led us to decide upon a conservative course 
and to close the subclavian artery by interrupted 
arterial silk sutures. First, proximal exposure and 
control of the artery would have necessitated 
partial resection of the clavicle and first rib, which 
would have added considerable time to an already 
long procedure; and second, the anesthetist was 
not secure in regard to his airway through the 
tracheostomy were the right pleural space to be 
opened. Postoperatively the right hand remained 
in good condition; it was slightly cooler than the 
left. Oscillometric readings were 2.0/100 above and 
below the elbow on the left, and 0.5/60 and 0.1/60 
on the right. Sensation and motion were without 
limitation. The patient was in a fair state of health 
for four months when he suddenly died from 
intratracheal hemorrhage due to adjacent carci- 
nomatous nodes. The function of the right hand 
and arm had remained satisfactory. 


COMMENTS 


The recent trend of widening the scope of 
cancer surgery toward radical removal of 
various organs with extensive regional lymph 
node dissection, such as total gastrectomy with 
node removal, radical mastectomy with an- 
terior mediastinal node dissection and exten- 
sive pelvic exenteration, has fortunately been 
paralleled by significant advances in vascular 
surgical technics so that no longer is operability 
based on the ready separation of a neoplasm 
from an indispensable artery. A segment of the 
aorta may be replaced by a homologous ar- 
terial graft and gaps in all other arteries filled, 
preferably by autogenous venous grafts. 

It has been our experience, as with many 
other surgeons, that the Potts multi-toothed 
clamps (so-called patent ductus, coarctation, 
portacaval) have been a tremendous boon to 
increasing the safety and ease of handling 
arteries. The portacaval clamp has been used 
on the aorta for resection of six arteriosclerotic 
aneurysms of the abdominal aorta without evi- 
dence of damage to the wall and without risk 
of slipping."® Seeley and Jahnke* found the 
Potts coarctation clamps to be superior to all 
other instruments for temporary arterial occlu- 
sion when repairing acute arterial defects in a 
hospital in Korea. We also agree with Shu- 
macker,” and Seeley and Jahnke*® that some 
training and experience in vascular surgery is 
important for the best results in repair of 
arterial defects. On the Surgical Service of the 
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New York University Post-Graduate Medical 
School each resident in addition to his general 
surgical training is spending considerable time 
in cardiovascular and neoplastic surgery. 
Before closing, a few words should be said 
in favor of the conservative management of 
acute arterial closure in occasional cases of 
cancer surgery wherein clinical experience 
points toward survival of the extremity and, 
by performing simple ligature of the artery, 
increased safety for the patient. In the case 
reports the principles of using gravity to en- 
hance collateral blood flow, abstinence from 
tobacco, a heating pad to the abdomen for 
reflex vasodilatation and the careful use of 
anticoagulants have been discussed. 
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A Transdiaphragmatic Incision for Exposing 
the Heart during Cardiac Arrest 


Joun W. Devine, M.D. AND JoHN W. Devine, Jr., M.v., Lynchburg, Virginia 


6 pes purpose of this paper is to describe a 
transdiaphragmatic approach to the heart 
in cardiac arrest. Under certain conditions 
this approach has definite advantages over 
the usual direct thoracotomy incision. (Fig. 1.) 

These conditions are when cardiac arrest 
occurs during an abdominal operation or when 
an adequate respiratory system cannot be 
maintained with an open chest, due to lack 
of equipment or skilled anesthetists. The 
advantages are that one is able to expose the 
heart without entering either pleural space, 
thereby not interfering with the mechanics of 
respiration. The other advantage is the ease 
of occluding the abdominal aorta during cardiac 
massage. 

When cardiac arrest occurs during anes- 
thesia or surgery, one must expose the heart 
and produce artificial pulsation. One has less 
than three minutes to pump manually oxygen- 
ated blood to the brain in order to prevent 
permanent brain damage from anoxemia. The 
importance of maintaining an adequate respira- 
tory system cannot be overemphasized. If a 
positive pressure anesthesia machine and 
preferably an endotracheal tube are not imme- 
diately available, one should not open the 
chest to massage the heart. To pump non- 
oxygenated blood to the brain manually is of 
little value. There would be a high mortality 
in strong, well oxygenated athletes with 
healthy normal hearts if they were subjected 
to the usual thoracotomy incision without an 
anesthetist taking over the respiration with 
necessary equipment. Since cardiac arrest can 
and does occur during any type of operation 
in any location, necessary equipment and 
skilled anesthetists are not always available to 
take over the breathing adequately for the 
patient with an open chest. 

We were confronted with a cardiac arrest a 
few years ago without personnel or equipment 
to take over the breathing for the patient if 
we opened the chest. Cardiac massage was 


unsuccessfully attempted through an intact 
diaphragm. It then occurred to us that the 
diaphragm could be opened just to the left of 
the esophageal hiatus and the heart exposed 
without disturbing either pleural space. This 
was done and the heart revived; unfortunately, 
however, we were too late, as this eighty-two 
year old patient died eighteen hours later 
from central nervous system damage. This was 
reported in June, 1949, at the American Medi- 
cal Association Meeting in Atlantic City. Since 
that time we have had occasion to use this 
approach again, and it has also been used on 
two other occasions to our knowledge. 

The usual thoracotomy incision is shown in 
Figure 1. This incision is made at the fourth 
interspace, starting 3 cm. from the sternal 
margin to avoid injury to the internal mam- 
mary artery which lies 1.4 cm. from the sternal 
margin. The left lung collapses on opening 
this pleural space and there is not enough tidal 
air exchange from the right lung alone due to 
the mediastinal shift that occurs without the 
anesthetist taking over the breathing for the 
patient. This incision is quick to open and 
easy to close and has definite advantages, 
provided the respiration can be adequately 
maintained. Inability to occlude the aorta is 
a disadvantage to this incision. 

Without equipment and trained personnel 
in anesthesia to take over the breathing, and 
particularly if cardiac arrest occurs during an 
abdominal operation, the transdiaphragmatic 
incision, without disturbing either pleural 
space, has certain advantages. The aorta can 
easily be occluded below the origin of the renal 
vessels, thereby increasing the efficiency of 
artificial cardiac pulsation by 50 per cent. This 
was shown by inserting a cannula in a dog’s 
carotid artery, determining the arterial pres- 
sure during massage with and without occlusion 
of the aorta. 

Figures 2 and 3 show transdiaphragmatic in- 
cision. The abdominal incision is extended 
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New 


AREA Fi 
DIAPHRAGMATIC 


I 
Fic. 1. Technic of thoracotomy incision for exposure of heart. The intercostal incision through the fourth inter- 
space starting 3 cm. from the sternal margin in order to avoid the internal mammary artery which lies 1.4 cm. 
from the sternal margin. The costal cartilages are cut above and below. 


Fic. 2. Technic of transdiaphragmatic exposure of heart. The abdominal incision and the outline of the pleural 
attachment, demonstrating the area for incision through the diaphragm, are shown. 


LIVER 


Fic. 3. Technic of transdiaphragmatic exposure of heart. The coronary ligament to the left Jobe of the liver is cut 
and the liver retracted to the right. The diaphragm is picked up just to the left of the esophageal hiatus and 
opened, exposing the heart without entering the pleura. 


Fic. 4. Technic of transdiaphragmatic exposure of heart. The right hand is shown through the opening in the 
diaphragm massaging the heart, and the left hand is occluding the aorta. 
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above the xyphoid and the left coronary liga- 
ment is cut, allowing retraction of the left lobe 
of the liver. The diaphragm is picked up 
between two clamps and incised just to the left 
of the esophageal hiatus. 

Figure 4 shows the right hand inserted 
through the opening in the diaphragm, mas- 
saging the abdominal aorta below the origin of 
the renal arteries. 


SUMMARY 


A transdiaphragmatic incision is described 
which allows exposure of the heart without 
entering either of the pleural cavities. The 
importance of this is emphasized in the absence 
of proper equipment and personnel to maintain 
adequate respiration. 


DISCUSSION OF PAPERS BY DRS. JAHNKE, HUGHES 
AND HOWARD, NELSON, LORD AND SCHETLIN, 
AND DEVINE AND DEVINE 


Evcmer R. Maurer (Cincinnati, Ohio): | would 
like to limit my comments to the paper that has 
just been presented on cardiac arrest. | would like 
to compliment Dr. Devine for his presentation. 

I think that one must not lose sight of the fact 
that the single most important consideration in 
the selection of a site for, or the method of, in- 
cision into the chest for controlling cardiac stand- 
still by cardiac massage is the rapidity with which 
it can be made and the heart exposed so that it 
can be massaged. 

I think that the particular method just described 
is a very excellent one, but I would think that one 
would have some difficulty in evaluating whether 
the heart was in simple arrest or ventricular 
fibrillation. 

If the heart were in ventricular fibrillation and 
if the methods that we ordinarily employ to de- 
fibrillate such a heart were in order, I think it 
might be found to be rather tedious or difficult 
through the exposure that has just been described. 

In my own experience, | have always found it 
necessary to control the respiration because usually 
there has been none by the time the patient is in 
cardiac standstill. 

I think that if the surgeon has any choice at all 
as to the selection of site for going into the chest 
or the abdomen, he would probably prefer the left 
side. There are instances, however, in which the 
individual cannot go through the left chest, for 
example, because of tuberculosis involving the left 
lung, pleural symphysis and so on. The interval is 
a very short one. It is less than three minutes. The 
brain has irreversible damage in that short interval, 
and what the surgeon hopes to accomplish in es- 
sence is an artificial maintenance of the circulation 


which he actually accomplishes by massage of the 
left ventricle. You can actually produce a palpable 
pulse in the temporal vessels and a readable blood 
pressure in a person who has no spontaneous car- 
diac action by simply massaging the left ventricle. 
In those instances in which the surgeon is already 
working in the abdomen, | think it is perfectly 
all right to massage the heart through the dia- 
phragm. However, I personally always prefer to 
continue this only as long as it is necessary for an 
assistant or myself to go up above and open the 
chest. 

I can also state from personal experience that if 
one is forced into the right side of the chest, for 
example, it is perfectly possible to resuscitate such 
a heart although one is on the right side and does 
not have easy accessibility to the left ventricle. 

RicHarp Jacques Bennett, Jr. (Chicago, IIl.): 
1 would particularly like to say a few words about 
Major Jahnke’s paper. 

I had the pleasure of seeing this group perform 
two vascular operations at the Walter Reed Hos- 
pital in Washington, and they certainly were 
masterpieces. 

The thing I would like to bring out for all of us 
is the fact that we are not all in the army and are 
not all subject to these bullet wounds and missiles, 
but certainly in civilian life I can recall over the 
years about the butcher in the packing house who 
made a wide swing and did a very nice complete 
laceration of his femoral artery. 

I recall several automobile accidents where flying 
glass has completely lacerated the common carotid, 
the subclavian and the brachial in three separate 
cases. You probably know in your own vicinity of 
an instance when a surgeon was ligating the long 
saphenous vein and apparently got a little too 
deep and did a little damage to the femoral artery 
and vein, making it necessary to perform some 
definitive surgery. 

I recall particularly in watching Major Jahnke, 
Lieut. Col. Hughes and General Seeley, that very 
few cases of sympathectomy were performed on 
their group. Second was the almost complete ab- 
sence of anticoagulants. I think it would behoove 
all of us in our work throughout the country and 
our own vicinity that we be ably prepared to 
handle some of these vascular accidents. The usual 
surgical setups in the operating rooms will not 
allow you to do this very intricate vascular surgery. 

You must have a few instruments, the different 
types of suture material and you must take your 
time. You certainly must have at your disposal 
vein grafts if a graft must be put in. Therefore, I 
think it behooves us all to bring up to our interns 
and residents that if and when they see these 
accidents they know how to handle them. Cer- 
tainly many people have been brought into the 
hospital with nothing more than a handkerchief or 
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something pressed on a wound of a major artery, 
and then life and limb have been saved. 

I have seen some of these accidents very ably 
handled by the interne or residents putting a for- 
ceps on the distal end of the artery. I have seen 
others put back 2 or 3 inches, and you practically 
lose that segment. Therefore, by a little proper 
instruction I think we will all gain. | have had one 
major case of a foreign body from a piece of flying 
steel and I am ably prepared to handle this type 
of thing if and when it comes along, but we cer- 
tainly do not have 400 cases to report, as Major 
Jahnke has. 

Frank McArtuur Barry (Cleveland, Ohio): | 
would like to ask Dr. Devine whether he really 
means that cardiac massage is contraindicated if 
he does not have proper control of respiration, 
because the patient with cardiac arrest is dead and 
there is nothing else that can be done about it. 

I have had the unfortunate experience of par- 
ticipating in about ten attempts to resuscitate a 
heart. I should not say resuscitate them because 
they were, in the final analysis, unsuccessful in 
spite of the ability to restore the heart beat. These 
have included patients who had a local anesthetic 
in the nose and throat operating room and a topical 
anesthetic with cocaine in the x-ray department, 
where it is totally unfeasible to expect to have 
anesthetic equipment for restoring respiration 
immediately. These chests usually have been 
opened too late. 

We think, of course, that there is anoxemia or 
hypercapnia prior to the actual stopping of the 
heart, so that the time factor is much less than 
the usual three to five minutes we talk about. 

I am further quite sensitive about this problem; 
and coming from Cleveland where Dr. Beck has 
done a great deal of work on this subject, we believe 
that all surgeons, regardless of specialties, should 
be adequately trained in resuscitation of the heart. 
I was involved in a law suit last year, not as the 
victim. I was subpoenaed by the plaintiff. An 
eighteen year old girl was undergoing a mastoid 
operation under local anesthesia when cardiac 
arrest occurred. Unfortunately, my office was 
immediately across from the operating room so 
the nose, ear and throat surgeon, instead of opening 
the chest himself, called me, and it took me per- 
haps two or three minutes to get there. The suit 
involved the fact that the nose, ear and throat 
man had not done it himself but had called me 
to do it. 

The case, of course, was allowed to go to trial 
because they wanted to set a precedent. The fact 
that the case was unsuccessful, as far as the plaintiff 
was concerned, was not based upon the fact that 
the throat surgeon did not massage the heart. 
It was based upon the fact that this occurred prior 
to the time we had set up a school for the training 
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of surgeons in Cleveland for the resuscitation of 
the heart. Had that case occurred now, I do not 
know what the outcome would have been. 

James C. Drye (Louisville, Ky.): Dr. Devine’s 
emphasis on supporting the respiration is well 
taken. However, I cannot agree that the trans- 
abdominal approach is a satisfactory one. In cases 
of cardiac arrest it is essential that the heart be 
reached as rapidly as possible and that the ex- 
posure be such that efficient cardiac massage can 
be done. I believe that these two essentials can be 
handled much better through an intercostal in- 
cision than through the diaphragm. 

We, in our operating rooms, regardless of the 
type of anesthesia, always have an anesthetic 
machine near the head of the patient; the valves 
are turned on and the machine is ready for instant 
use. For this reason we have no hesitancy about 
opening the chest. Also, I would like to point out 
that an endotracheal tube, while preferable, is not 
necessary for positive pressure anesthesia. I would 
also like to mention that in a case in which an 
anesthetic machine is not readily available mouth- 
to-mouth respiration through gauze is an effective 
way for temporarily maintaining respiration. 

1 would like to emphasize that cardiac arrest 
must be attacked immediately, as soon as the 
diagnosis is suspected. Rapid diagnosis can be made 
by palpating a major artery and noting whether 
pulsations are present. 

I think that many patients have been lost by 
time consumed in consultations, nodding of heads 
and occasionally unnecessary laboratory observa- 
tions such as electrocardiograms. 

I have been unfortunate enough to have had 
four cardiac arrests in a period of a year. Two of 
them were in successive cases. I would like very 
briefly to report these cases. 

As far as we could determine all four patients 
had normal cardiovascular systems before surgery. 

The first was a fifty-two year old man admitted 
because of gastric ulcer with bleeding. The bleeding 
ceased and after adequate transfusions an elective 
gastric resection was done because of the possibility 
of malignant change. On cutting through the rectus 
muscle no bleeding was evidenced. The abdomen 
was immediately opened. No pulsation was noted 
in the aorta. The chest was immediately opened, 
without surgical preparation, through the fourth 
interspace. Incidentally, it is not necessary to 
count the interspaces; we estimate about where 
the incision should be made and usually do go 
through the fourth interspace. 

The heart was found to be in standstill. Rapid 
massage caused a resumption of normal cardiac 
action within one minute. On closing the chest the 
patient maintained a normal pulse, blood pressure 
and general good condition. After fifteen minutes 
of observation and a continuation of normal heart 
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action it was decided to proceed with the gastric 
resection inasmuch as the diagnosis was possible 
cancer and the man would have to be operated 
upon sooner or later. We thought he might have 
some hesitancy about going through a second 
procedure. The man made an uneventful recovery 
and was discharged from the hospital in eight days. 
There was no evidence of brain damage or other 
sequelae. 

The second case occurred early during the course 
of a thyroidectomy. This patient was a fifty-five 
year old woman with non-toxic adenoma of the 
thyroid. Complete medical workups had shown no 
evidence of toxicity or of cardiovascular disease. 
At the time of mobilization of the sternothyroid 
and sternohyoid muscles the anesthetist stated 
that he could feel no pulse or obtain a blood pres- 
sure. Palpation of the left carotid artery showed 
no pulsation. The chest was immediately opened 
through the fourth left interspace. The heart was 
not beating. Manual compression was started and 
continued for about one minute, at which time the 
heart began to beat slowly and then gradually in- 
creased to a normal vigorous beat and a regular 
rhythm. The chest was closed in the usual manner. 
The thyroid incision was then closed without doing 
any further surgery. The patient was returned to 
the ward in good condition. Since the operation 
the patient has had no evidence of central nervous 
system involvement or of cardiovascular disease. 

The third case occurred in the next patient upon 
whom I operated some three days later. This pa- 
tient was a seventy-two year old man who was 
admitted for repair of an inguinal hernia. The only 
evident cardiovascular disease found before oper- 
ation was some sclerosis of the thoracic aorta. 
About twenty minutes after the anesthetic was 
started and at the time when the inguinal canal 
was being opened the anesthetist found that he 
could not detect a pulse or blood pressure. The 
femoral artery, on palpation, was not pulsating. 
The chest was immediately opened through a long 
incision through the left fourth intercostal space. 
The heart was found to be soft, flabby and not 
beating. Cardiac massage was started and con- 
tinued until the heart muscle was found to be of 
good tone and the color had become pink. One- 
tenth of 1 cc. of 1:1000 epinephrine was injected 
into the left ventricular cavity. The heart then 
began to beat spontaneously in a regular rhythm, 
and the blood pressure and pulse returned to 
normal. 

The chest was left open so the heart could be 
observed, and the hernia repair was completed as 
quickly as possible. The heart continued to beat 
normally throughout this period and the chest was 
closed after the repair of the hernia was completed. 
The patient was returned to the ward in good 
condition. He ran an uneventful postoperative 


course. Two days after cardiac arrest an electro- 
encephalogram showed a mildly dysrhythmic 
tracing. There was suggestive evidence of injury 
to the left temporal area. Four days later a repeat 
electroencephalogram showed similar changes but 
with less dysrhythmia. Clinically, the man had no 
symptoms of central nervous system damage and 
has shown no manifestations of cardiovascular 
disease. He was discharged on the eleventh post- 
operative day. 

The fourth case occurred in a forty-nine year old 
man who was operated upon for appendicitis. His 
general condition was good and there was no 
clinical evidence of heart disease. As the skin 
incision was made little bleeding was seen, but 
according to the anesthetist the patient was in good 
condition. On cutting through the muscle layers it 
was noticed that there was definitely no bleeding 
from the muscle tissue. The peritoneum was imme- 
diately opened and no pulsations could be felt in 
the aorta. The chest was immediately opened, 
without surgical preparation, by an incision in the 
left fourth interspace. The heart was found to be 
beating at a rate of three or four times a minute 
and the contradictions were very feeble. The anes- 
thetist could detect no blood pressure or pulse. 
Cardiac massage was started and after about thirty 
seconds of vigorous massage the heart began to 
regain its tone and shortly started beating spon- 
taneously. Soon a normal, regular rhythm occurred 
and the blood pressure and pulse returned to nor- 
mal levels. During this period the anesthetist gave 
100 mg. of procaine intravenously. 

The chest incision was left open while the ab- 
domen was being explored and the appendix 
removed. After closure of the incision for the 
appendectomy the chest incision was closed and 
the heart was beating in a norma manner at that 
time. 

The patient ran an uneventful postoperative 
course. The serial electrocardiograms early in the 
postoperative course showed questionable evidence 
of a mild degree of anterior wall ischemia. The 
electrocardiogram became normal a few days later. 
The patient was discharged on the seventh post- 
operative day. He has shown no residual effects, 
central nervous system damage or cardiac damage. 

I wish to emphasize that effective cardiac mas- 
sage is the prime essential in resuscitation of the 
arrested heart. Circulation adequate to prevent 
brain damage can be accomplished by this mas- 
sage. After the heart has regained its tone and is of 
good color, it usually starts spontaneously. If not, 
doses of epinephrine in the range of 1 to 2 minims, 
not more, may be given, or calcium chloride may 
be given. Any physician who undertakes surgery 
should be able to open the chest and massage the 
heart. After massage is started, in those instances 
in which the physician does not feel capable to 
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manage the patient further, he can then safely 
wait for a consultant. It has been shown that 
blood flow adequate to prevent permanent brain 
damage can be maintained by massage. However, 
if in the search for assistance a delay is incurred 
before the heart is massaged, the patient will 
usually be lost. 

SAwNieE R. Gaston (New York, N. Y.): I think 
it should be brought out that occasionally it is 
necessary to operate through plasters which enclose 
this area. 

Not many of you present are obliged to do that, 
but in orthopedics, particularly scoliosis, we had a 
very embarrassing situation where there was no 
vent in case of cardiac arrest. You can imagine 
how the immediacy of getting to the heart was 
delayed by cutting off the plaster. 

I think those who are teaching courses in this 
subject should bring up that point. No patient 
should be allowed in the operating room in specialty 
surgery that requires the chest spica without a 
previous large area available for entrance. 

Epwarp J. JAHNKE, Jr. (closing): | want to 
thank Dr. Bennett for his most kind comments on 
our work, 

He asked me to make a few comments regarding 
the use of anticoagulants in vascular surgery. Well 
over 200 acute arterial repairs have been performed 
in Korea without the use of anticoagulants and 
without a significant incidence of postoperative 
thrombosis. We have also repaired over 220 arterio- 
venous fistulas and false aneurysms without the 
use of these substances. Other types of vascular 
surgery as grafting of aortic aneurysms and 
arteriosclerotic segmental blocks in addition to 
portacaval shunts have been performed without 
the use of heparin or dicumarol and we have yet 
to regret its omission. 

Joun W. Devine, Jr. (closing): I am glad our 
paper brought forth so much discussion, and | must 
tell you Dr. Dan Elkin’s story of the Kentucky 
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surgeon who, many years ago, reported twelve 
cases of cholecystectomy before the Southern 
Surgical Association. He had just completed his 
paper when Dr. Lahey asked for the floor and 
reported 700 cases. This was rapidly followed by 
Dr. Crile who reported 500 cases, and Dr. Mayo 
who reported 400. When the Kentucky surgeon rose 
to close the discussion he said, “I am delighted to 
have furnished the can opener for this picnic.” 

I agree with my discussers that this transdia- 
phragmatic approach would take longer than the 
direct approach unless you were operating in the 
upper abdomen. I appreciate the comments by 
Doctors Maurer, Barry and Drye, but probably 
they have never had the unfortunate experience 
to work in a place where they could not have 
adequate anesthesia. 

An interesting sidelight is when I reported this 
to the American Medical Association it was before 
the combined meeting of the abdominal surgeons 
and anesthetists, and part of the motive for the 
report was to advertise the fact that we needed an 
anesthetist in Lynchburg. Two years later Dr. 
Morrison read this discussion, came to Lynchburg 
to look over the location and has been there since. 
He now has two Board associates with him. For- 
tunately, we have not had a cardiac arrest since 
his group has been there because they give all our 
anesthetics. It is unlikely that we shall be caught 
again without trained anesthesia personnel and 
equipment to handle open chest. At the time this 
incision was first used I did not have adequate 
means of taking care of respiration through the 
open chest. This incision was reported again today 
to refresh the anatomy, to show that it is possible 
to get to the heart without entering the pleural 
cavity. In spite of the discussion, I still cannot see 
that it would be of any value to open the chest and 
squeeze non-oxygenated blood to the brain. 

I thank you, and I enjoyed the picnic. 
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The Sociologic Aspects of Trauma’ 


WITH PARTICULAR REFERENCE TO THERMAL INJURY 


Cart A. Moyer, m.p., St. Louis, Missouri 


ORE than one million accidental deaths 
took place in the United States during 
the fifth decade of the current century. In one 
year alone (1940) accidents destroyed seven- 
teen and four-tenths years of human life for 
every 1,000 inhabitants of this nation. Cancer 
was less destructive; it wiped out fifteen and 
one-half years of life per 1,000 persons as the 
same year passed. The total working years of 
life lost through accident during 1940 was 
1,760,000 years, and thermal injuries accounted 
for 7% per cent of this loss—135,500 working 
years.! 

From 1940 through 1949 approximately 
8,000 people died from thermal injuries yearly.” 
The real incidence of serious thermal injury is 
unknown; however, a rough estimate of it can 
be made because the death rate of serious 
burns and scalds is known: it is about five per 
100. Therefore, the yearly incidence of serious 
thermal injury is roughly twenty times greater 
than the number of thermal deaths, or about 
150,000 each year. About one-third of this 
number of persons (50,000) require care in our 
hospitals. The number of hospital days they 
collectively spend annually is unknown, but an 
estimation of the number is possible. The 
burned and scalded of Dallas spent 270 days 
apiece in Parkland Hospital for everyone of 
them dying there between 1946 and 1952. 
About the same time the thermally injured of 
Birmingham, England, were spending 720 days 
in a hospital per each burn-death. 

Upon employing the foregoing figures as 
rough bases for the calculation of estimates one 
finds that the plausible range of the number of 
days that the burned and scalded occupy hos- 
pital beds each year is 2,100,000 to 5,800,000 
days. In other words, if the Dallas sample is 
representative of this country, the burned and 
scalded occupy more than 6,000 hospital beds 
the year around; should the Birmingham ex- 


perience be more nearly representative than 
the Dallas one, then the care of those injured 
by fire and scald demands 16,000 hospital 
beds the year around. 

The cost of medical care for the burned and 
scalded (22 to 60 millions of dollars yearly) 


TABLE | 
DEATHS (U.S. A.) IN 1949 FROM THERMAL INJURY—6,926 
Poliomyelitis.............. 
Neoplasms of bone 
Neoplasms of brain 
Neoplasms of esophagus ... 
Neoplasms of cervix 
Ulcers of stomach and duodenum 
Neoplasms of lip, tongue and pharynx 


is but a part of the total social cost of thermal 
injuries. As stated previously, about 135,000 
working years of life were lost from thermal 
injury in 1940. If a man is worth $2,000 a year 
as a machine, the loss of human capital through 
burns and scalds amounts to about two hundred 
seventy million dollars annually. 

The cost in pain cannot be estimated and 
much less comprehended, so too the social load 
of deformity and long-term physical incapacity. 
The comparative medical importance of ther- 
mal injury may be judged in part by a glance 
at Table 1. 

The ascertainment of the causes of thermal 
injury requires sociologic inquiry. The Cole- 
brooks* have set the approach to the prevention 
of burns in Britain through sociologic research. 
I here try to follow them with a fragmentary 
analysis of some of the sociologic parameters of 
thermal injury in a part of the United States, 
the American Southwest. 

Geographically, burns are unevenly dis- 
tributed. During 1949, 562 deaths from burns 
occurred in the states of New York, New 
Jersey, Connecticut and Vermont, having a 
combined population of 22.05 millions.‘ In the 
same year 1,192 persons died of burns in 


* Third annual Churchill Lecture. 
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Kentucky, Texas, Arkansas, Mississippi, Okla- 
homa, South Carolina and West Virginia. 
These states had a total population of 22.8 
millions. The frequency of thermal death was 
2.85 per 100,000 in the four Northeastern 
States and 5.2 in the Southern group. Table 1 


TABLE 11 
GEOGRAPHICAL INCIDENCE OF DEATH DURING 1949 FROM 
BURNS ONLY FOR EACH 100,000 OF POPULATION 
DURING 1949* 


Middle Atlantic states........................ 2.85 
East North Central states..................... 3-24 
West North Central states.................... 4.5 
South Atlantic states (excepting Florida)........ 5.1 
East South Central states..................... 5.3 
West South Central states.................... 5.1 


* Calculated from 1950 populations of states (World 
Almanac) and the number of deaths from burns and 
the explosion of combustible materials in each state.” 


provides a fairly comprehensive picture of the 
regional variations in incidence of death from 
thermal injury. 

The difference between the mortality rates 
from burns in the Northeastern and Southern 
states during 1949 could hardly be due to 
chance variation. The national incidence of 
burn deaths during 1949 was four per 100,000. 
On this basis, 882 + 59* deaths from burns 
should have occurred in the four Northern 
States and 912 + 60 in the Southern group; 
however, 562 and 1,192 actually took place. 
The rate of death from burning in the South 
was significantly higher than the national rate 
and that in the Northeast was significantly 
lower than the rates expected. 

What are the possible reasons for this geo- 
graphic difference? The obvious ones are: a 
difference in the ratio of white to non-white 
in the respective populations, a greater severity 
of injury per burn in the South, regional varia- 
tion in frequency of burning, and difference in 
the availability and quality of medical care. 

A part of the difference between the burn 
death—rates in the Northeast and the South is 
attributable to a greater relative number of 
non-white persons in the Southern population 
than in the Northern. The mortality rates from 
fire and the explosion of combustible materials 
were 3.4 per 100,000 for the whites and g.2 for 
the non-whites during 1949. In that year there 
were approximately 3.8 millions of non-white 


* + variation calculated as 2 V/n. 


Sociologic Aspects of Trauma 


persons among the 22.8 millions living in 
Kentucky, Arkansas, Texas, Mississippi, Okla- 
homa, South Carolina and West Virginia, and 
close to 800,000 Negroes among the 22 millions 
living in New York, New Jersey, Connecticut 
and Vermont. 


TABLE UI 
| Corrected 
Uncor- Cor- | Minimum- 
rected rectedt ‘ Actual 
Maximum 
Expected | Expected Soniliae Deaths 
| Deaths Deaths 
| Expectedt 
Northeast | 882 + 59t| 796 + 56t| 740-852 562 
South... 912 + 60 | 996 + 64 | 932-1,060) 1,192 


* Calculated from national death rate without regard 
for the composition of populations. 

t Calculated with the use of color factors; 3.4,/ 100,000 
for the white and 9.2/100,000 for the non-white 
populations. 


t + 2V/n. 


When account is taken of the aforementioned 
non-white populations, the expected numbers 
of deaths become 796 + 56 in the Northeastern 
group and 996 + 64 in the Southern group of 
states. The application of the color factor into 
the calculation of the expected number of 
regional deaths has reduced the discrepancy 
between the expected numbers and the ob- 
served number of deaths. However, the differ- 
ences remaining still appear significant. (Table 
11.) Therefore, it may be said that all persons 
living in the listed Southern states, white or 
non-white, are more likely to die of burns than 
those living in New York, New Jersey, Connec- 
ticut and Vermont; and that one must look 
beyond the color factor for the complete ex- 
planation of regional mortality difference. 

Regional differences in the availability and 
quality of medical care of burned people could 
conceivably account for some of the difference. 
However, there are no data showing that the 
South is significantly poorer than the Northeast 
in the availability and quality of medical care 
of the burned person. Although my personal 
observations regarding the quality of the medi- 
cal care of burns in the North and South have 
not been sufficiently objective to permit a 
certain statement of comparison, they have 
been broad enough to provide the impression 
that there is no important discrepancy between 
the quality and availability of medical care of 
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thermal injuries between the South and North. 
A difference in frequency of thermal injury is 
the only remaining apparent possible cause of 
regional variations in burn deaths in unit of 
population. 

Why should one be in greater danger of being 


commonplace and more especially in the poorer 
and older dwellings. The kerosene stove, open 
coal or wood burning fireplaces, and butane 
open flame heating elements are to be found 
across the whole breadth of the South which 
is subject to “‘northers.’’ Southern Florida is 


TABLE IV 
CAUSES OF THERMAL INJURY, GREATER THAN I5 PER CENT BODY SURFACE 


AGES LESS THAN SIXTY-ONE YEARS—I9Q44 TO 
PARKLAND HOSPITAL, DALLAS, TEXAS 


No. Total | No. 


Mean* Area | Mortality 
Injured | (%) | Dead 


of Injury (%) 


. Injury related to | Clothing fires from contact 
domestic conduct | with open flame 

Explosion of natural gas or 
butane in the home.......... 

Explosion of kerosene stoves. . . 


Bed fires 


Burns 1 


28 


Immersion contact 


Scalds Spill contact................. 


Subtotal 


B. Injury related to | Ignition of clothing wet with 
non-domestic petroleum products. . 
conduct Explosion of ( with clothes fire. 
Burns 1 gasoline without clothes 


Subtotal 


C. Miscellaneous Contact with hot objects 
Miscellaneoust 


Causes unknownt{ 


Subtotal 


* As per cent of body’s surface. 


+ Deaths were caused by: lightning, fireworks, movie film, electricity, battery acid, fall into open fire. 


t Includes ten cases of scalds, type unknown. 


severely injured by fire in the South than in 
the Northeast? At least a part of the answer is 
apparent to anyone who has lived in both 
regions. In the western segment of the South 
(Texas, Arkansas and Oklahoma) open gas 
flame heating elements such as wall furnaces 
and movable non-vented heating elements are 


rarely subject to these sudden frigid winds. 
Central heating is a relative rarity and more 
especially in the houses occupied by the Negro 
and low income group of white people in the 
South. In the Northeast open flame gas heat is 
a rarity and central heating is commonplace 
even in poor homes. Tables tv and v point up 
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clearly the importance of the open gas flame 
heating element as a cause of burns in the 
American Southwest. 

In Dallas, Texas, among 166 serious thermal 
injuries (covering 15 per cent or more of the 
body surface) of determinable origin, fifty were 
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and cooking are the major causes of burns. 
(Table v1.) The explosion or ignition of spilled 
spirit and petrol accounted for all of twenty- 
seven burns involving more than 14 per cent 
of the body surface of individuals younger than 
sixty-one years of age admitted to Saint Gorans 


TABLE 


CAUSES OF THERMAL INJURY GREATER THAN 


15 PER CENT OF BODY SURFACE 


AGES GREATER THAN SIXTY-ONE YEARS—1I944 TO IQ51 
PARKLAND HOSPITAL, DALLAS, TEXAS 


| | | 
| | | | 
No. | Total, No. | Deaths | Mean* Area | Mortality 
Injured | (%) |Dead| (%) of Injury (%) 
Injury related to domestic | Clothing fires* from varied | | 
conduct SRE Age | 11 48 | 8 44 | 25 73 
| Fall on hot objects... .... 2 2 43 100 
Conflagration............| 6 28 54 83 
Immersion scald......... | I | 30 100 
| | | | | 
Injury related to non-do- | | | | 
| 22 | 18 | 82 


Cause unknown..... .| 


| Grand total 


* Seven cases of open flame ignition in home. 


Two cases of ignition by explosion of kerosene stove. 
Two cases of ignition by explosion of stoves of unknown type. 


directly attributable to the contact of clothing 
with an open flame; and forty-four of these 
were due to contact with a flame of natural gas 
or butane. 


TABLE 
BURNS AND HEATING CUSTOMS 


Dallas, Vienna, 


Birmingham, Stockholm, 


England* |U S. A.t| Austriat | Sweden§ 

Coal fires... . 110 3 
Electrical... . 30 
Spirits........ 9 23 
Kerosene and 

benzol..... 34 11 5 
Gasoline..... 23 2 4 
Gas (natural | 

and coal). . 31 61 


* Colebrook, 1945-47. 
+ Dallas, 1946-51. 
t Riehl, 1925—26.6 
§ Rosenquist, 


Over the western temperate zone the un- 
guarded heating element and the use of highly 
volatile combustible liquids as fuels for heating 
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Hospital in Stockholm between 1942 and 
1946.° Open coal fires, the explosion or ignition 
of spirit, petrol and kerosene caused more than 
go per cent of the serious burns reported by 
Riehl of Vienna during 1925 and 1926.° Un- 
guarded open coal fires, coal gas flames and the 
explosion of combustibles accounted for 82 per 
cent of all burns reported by Colebrook of 
Birmingham between 1945 and 1947. Natural 
gas flames, butane, kerosene and petrol (gaso- 
line) fires and explosions accounted for more 
than 60 per cent of all serious burns cases at the 
Parkland Hospital in Dallas between 1944 and 
1951. 

One may say, “This is interesting data, but 
what of it? Is it not preferable to take the 
slight risk of being burned than it is to take the 
great risk of being frozen?” True, but the risk 
of burning to death which many of us take is 
needlessly great. 

The effectiveness of the adequate guarding 
of movable heating units in the prevention of 
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serious burns can be partially judged from a 
comparison of the number of serious burns 
caused by movable, unguarded, open flame 
heaters, and well guarded electrical heaters in 
Dallas, Texas and Birmingham, England. 

During a seven-year period at the Parkland 


' 


Hospital there were fifty-seven seriously burned 
patients of all ages, of whom twenty died, whose 
injury had an open gas flame as the source of 
the clothes fire which burned them. In Dallas 
the wall gas heating elements and movable 
floor units used for five months of the year are 
rarely guarded by meshed screens. Figure 1 
accurately illustrates common movable heating 
units being sold in the United States this year 
and the lower row is typical of the type of 
guarding on most of the movable heating units 
in the Southwest. There is no effective guard 
between the ceramic flame container which 
becomes intensely hot in the mid-zone. Widely 
spaced vertical bars or horizontal wires or bars 
with sufficient space between them for the 
falling in of folds of dresses are the only guards 
and in many units, even these are lacking, 
especially in the gas-log fireplace where the 
naked flame heats the room. In Dallas ancillary 
electrical heating units are also used widely, 
but there was not one serious burn attributable 
to them seen at Parkland Hospital throughout 
seven years. Figure 2 illustrates the tight 
screening which covers the electrical heating 
elements being sold today in this country. The 
contrast between the type of guard installed 
upon the American gas flame and electrical 
heaters is very apparent, as is also the differ- 
ence in their potential hazards as ignition 
elements for serious clothes fire. In Dallas 
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fifty-one serious burns were due to gas flame 
while none were due to electrical heating 
elements. 

The efficacy of adequate guarding in reducing 
the hazards of heating elements can be further 
supported by the comparison of the Stockholm 


and Birmingham data. Ancillary movable 
electrical heating units are used extensively in 


Fic. 2. 


both cities, but in Sweden they are mesh- 
guarded as in Figure 2 while in Birmingham 
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many are not. During three years at the Bir- 
mingham Accident Hospital there were thirty- 
seven burned people, of whom eight died, with 
injury attributed to unguarded electrical heat- 
ing elements. During four years of the same 
decade there were no serious burn patients 


TABLE vi* 


Total No. 


of Burns Deaths 


Cause 


Coal fire (unguarded)......... 7 102 15 
Coal fire (guarded)............ 8 | o 
Electric (unguarded).......... | 38 7 
Electric (guarded)............. 
Gas (unguarded).............. 30 | 6 
o 


| 

Totals from unguarded heat- 
ing elements.............. 170 | 28 

| 

| 

| 


Totals from guarded heating 


* Adopted from Lancet, 2: 182, 1949. 


admitted to the Saint Gorans Hospital in 
Stockholm whose injury was traceable to elec- 
trical heating units. Birmingham, England, has 
a population circa 1,120,000 and _ greater; 
Stockholm has a population of about 967,000. 
Colebrook’s experience in Birmingham regard- 
ing the efficacy of guarding of heating elements 
is shown in Table vit. 

Without doubt the improvement in design 
of heating units, with the safety of the child 
as well as the safety of the house in mind, will 
materially reduce the horrendous maiming 
and needless slaughter from burns the world 
over without much cost or effort. 

The American home is an especially danger- 
ous place for burns and scalds. Of 182 thermal 
injuries covering 15 per cent of the body surface 
or more, 127 were sustained in the home; and 
of forty-two deaths occurring among the 182 
individuals, thirty-three were the result of do- 
mestic thermal injuries. (Table viii.) 

The home is an especially hazardous place 
for children. Children between five and twenty 
years of age do not spend more time in the 
home than their parents do, yet domestic fires 
from open flames and scalds injure them far 
more often than it does their parents. (Table 
1x.) Why? We really do not know because 
sociologic studies have not been attempted to 
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answer this question. One may glibly say that 
the child has not the sense of his parents, but 
may we not as well say the parent has not the 
sense to build his home for his children as well 
as for himself? The gas heater previously 
described is relatively safe for the adult, but 
not for the child; the cooking stove is built to 


TABLE VIII 
PLACE OF INJURY OF 182 PERSONS* 
AGES TO SIXTY-ONE YEARS 


Outside U 
H of k Totals 
ome | tome | nown | 
Sere. | 127 4! 14 182 


* Dallas, 1946-1951; injuries covering 15 per cent of 
body surface or more 


fit the esthetic tastes of woman without 
thought for children. I have yet to see guard 
rails around the flat slippery cooking surface 
of a modern kitchen stove in an American 
home. The electrical bottle warmer is made 
small and light, with evidently no thought con- 
cerning its capacity of scalding children by 
virtue of its instability. I have often wondered 
if babies would not prefer their milk cold. If 
they would it would save many children the 
horror of being scalded from tipping over the 
bottle warmer warming little brother’s liba- 
tion. Just why must the milk be warmed any- 
way? To save the infant from realizing that he 
is being hoodwinked by his mother? Two 
hundred milliliters of milk warmed 30°c. 
requires only six calories of heat—that should 
not bother a month old infant. 

Overcrowding and poor housing, too, affect 
the incidence of thermal injury. If this were not 
true, how could one account for the fact that 
the Negro suffers death from burns twice as 
often as does the white person? It could be said 
that he is more accident prone for varied 
reasons but he is not. He dies less often from 
falls than does the white man and his accident 
record in industry is as good. 

Improvement in the construction of homes 
and the tightening of existing fire laws would 
also serve to reduce the incidence of thermal 
injury. However, accurate sociologic investi- 
gations of the exact circumstances concerned 
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with every burn and scald might provide bases 
for the development of simple corrective 
measures which would obviate the inherent 
dangers of poor housing and overcrowding 
until better houses are available to the poor. 

The manner of clothing oneself has a material 
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TABLE Ix 


flames and scalds in the home in Dallas between 
1944 and 1951. Clearly a little girl was in 
greater danger of being seriously burned by a 
clothing fire than a little boy. Were the little 
girls more careless or active than the boys? 
Hardly, for they were not injured by scalding 


CLOTHING BURNS AND SCALDS GREATER THAN I5 PER CENT BODY SURFACE* 
PARKLAND HOSPITAL, DALLAS, 1944-1951 


Contact with Open Flame 


Domestic Clothing Burns from 


Domestic Scalds 
Immersion and Spill 


Decade Decade Decade Decade 
No. d Frequency Frequency No. d Frequency Frequency 
of Injury of Death of Injury of Death 


0-10 
11-20 
21-61 17 4.25 
61+ 


influence upon the magnitude of the risk of 
being burned—the gown is more dangerous 
than the pantaloon. Table x shows the age 
and sex incidences of clothing fires from open 


TABLE x 
AGE—SEX AND THERMAL INJURY 
Clothing Fire from Open Flame 


Ages Female Male 
0-10 17 8 
11-20 6 2 
21-60 7 10 
Totals 30 20 

Scalds* 

o- 5). 6 6 
0-10 8 10 
11-20 } spill o 
21-60 6 
Totals 20 16 


* Does not include scalds of indeterminate type. 


* Burns due to explosions, etc., are not included in this table. 
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any oftener than the boys were. Obviously, the 
dress is more readily ignited than the trouser, 
whether the latter be short or long. It is likely 
that six little girls living in Dallas between 
1944-1951, who are now dead, would be alive 
today had they been dressed in pants rather 
than in finery pleasing to the spurious esthetic 
tastes of womankind. 

The wearing of slacks by women and girls 
should be encouraged. There is no good reason 
for holding to a form of dress when a modifica- 
tion thereof makes the clothing safer. Fifty 
years ago little boys were dressed in skirts for 
no reason; it is now time that little girls be 
dressed in pants for a reason—that they will 
not be burned alive as often as they are. 
Although some reduction in the death rate 
from thermal injury could be effected by 
changing the form of clothing worn, the adop- 
tion of non-flam fabrics for the construction of 
clothing would be far more effective. 

Certain fabrics are highly combustible and 
others are not. Cotton, viscose rayon and linen 
are highly inflammable and support the rapid 
travel of flame through them. Fabrics made of 
animal hair, silk and certain organic polymers 
are sluggishly inflammable and do not support 
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the travel of flame; they constitute the so-called 
“‘non-flam”’ textiles. The non-flam character 
of animal hair fabrics can be judged from the 
fact that raw wool was found to be one of the 
most effective agents for the confinement of 
the flames of the incendiary bomb during the 


oxide, phosphates and ammonium sulfamate 
with ammonium phosphate are the salts used 
for the fire-proofing of cotton. They are highly 
effective agents but have certain disadvan- 
tages; namely, they gradually wash out of the 
fabric, they reduce the length of the life of the 


TABLE XI 
FLAMMABILITY CLASSIFICATION OF CLOTHING FIBERS* 
Classification | Naturally Occurring Fibers Artificial Fibers 
Non-inflammable | 1. Hairs (sheep—wool) Polymers 
(flame does not readily spread beyond | (alpaca—alpaca wool) Polyamides 
point of ignition); “non-flams” (goat—mohair) nylon 
(camel—camel hair) orlon 
2. Silk Polyvinylidones 
saran 
| velon 
*Regenerated protein polymers 
corn protein—vicara 
peanut protein—avdil 
Moderately inflammable | Acetylated cellulose polymer 
(flame may travel beyond point of igni- | | cellulose acetate rayon 
tion but at a relatively slow rate) | 
Highly inflammable 1. Cotton | Cellulose polymer 
(flame travels rapidly beyond point of | 2. Linen | Viscose rayont 
ignition) 


* All clothing fibers excepting asbestos will burn when held in contact with a flame or a red hot wire. 
+ Brushed viscose rayon fabrics are so inflammable that they may be said to be explosive. 


last world conflict. Table x1 classifies textile 
fibers as to their flammability characteristics. 
The non-flams in pure form although ignitable 
do not support the travel of flame. The moder- 
ate inflams support a slow rate of flame travel 
and the highly inflams support a rapid flame 
travel. A cloth that is made of a mixture of 
flammable and non-flammable fibers tends to 
betake of the flammability characteristics of 
the flammable fiber. In other words the admix- 
ture of cotton or viscose rayon with wool, silk, 
nylon, etc., produces a cloth which supports the 
travel of flame. Only pure fabrics of non-flams 
or mixtures of non-flams will not support flame 
travel. 

The flammability characteristics of inflam- 
mable textiles can be materially reduced by 
“*fire-proofing.” It may be effected by two 
processes: acetylation and salt adsorption. 
Acetylation is applicable to the flame proofing 
of rayon. It serves to reduce the flammability 
of viscose rayon for the entire life of the 
garment. Salt adsorption can be used to reduce 
the flammability of cotton fabrics. Stannic 
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garment and they reduce the quality of handle 
and feel of the fabric. In addition the phos- 
phates reduce the charring temperature so 
that destruction of the garment during ironing 
is much more likely. However, with the increase 
in availability of non-flam textiles there is no 
need for the continued use of cotton as a textile 
material excepting that a rapid reduction in the 
use of cotton as a textile material would 
seriously dislocate the agricultural economy in 
a large segment of the United States, but this 
should not at all deter us from urging the 
adoption of non-flammable textiles. 

What is the approach to the instigation of a 
widespread adoption of non-flam fibers by 
the textile industry? The acquainting of the 
textile manufacturers with the dangers of the 
flammable fabrics will not lead them to manu- 
facture non-flammable garments because they 
are at the economic mercy of the esthetic 
whims and parsimony of ignorant men and 
women. These ignorant ones and their children 
will continue to die of burns because they are 
dressed in flammable garments until they are 
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educated to the need of placing primary 
emphasis upon the flammability characteristics 
of the clothing they buy for themselves and 
their children instead of placing all emphasis 
upon shape, color, feel and cost. The ignorance 
of American womankind regarding the fire 
hazards of clothing is abysmal. Only one 
woman of twenty-one questioned ever con- 
sidered the flammability characteristics of the 
clothing they bought. It is further illustrated 
by a passage of words published in an American 
weekly during August, 1952: “But Wingate, 
36-year-old chief fire engineer for Liberty 
Mutual Fire Insurance Co., sometimes gets dis- 
couraged. The other day, for instance, a friend’s 
10-year-old daughter bought a flared cotton 
mesh net gown for a dancing school recital, on 
her teacher’s orders. ‘My friend lit a match 
to it and it went up in smoke,’ Wingate said. 
“Then he called the teacher and bawled her out. 
And you know her answer?: There’s nothing to 
worry about—Boston has plenty of firemen’.’”* 

There is no surer or less costly approach 
toward a reduction in burn deaths than the 
education of women as to the flammability 
characteristics of fabrics. 

Should non-flam textiles be generally adopted 
for clothing it would likely reduce death from 
burns in the United States by at least 70 per 
cent because such action would reduce the area 
and depths of most burns inasmuch as the 
most important cause of extensive deep burns 
is clothing fire. 

The relationship of death from thermal 
injury to the length of time that the individual 
is exposed to the thermal agent is readily 
shown by a separation of burns and scalds into 
two classes: those with long exposure and 
those with short exposure. Table x11 shows the 
definition of long and short exposures. There 
were thirty-eight deaths among 103 injuries 
covering 15 per cent of the body surface or 
more in the long exposure group while there 
was but one death among sixty-three thermal 
injuries when the exposure to the thermal 
agent was brief. The morbidity obtaining in 
those who lived following injuries caused by 
long exposure is also much greater than the 
morbidity attending injuries caused by short 
exposure. Of sixty-five individuals living fol- 
lowing long exposure injuries, forty-three re- 
quired one or more cutaneous grafts while of 
sixty-two living persons, who suffered thermal 
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injury of the short exposure type, only twenty 
required grafts of skin. In other words, a most 
important reduction in both the morbidity and 
mortality attending thermal injuries covering 
15 per cent of the body surface or more could 
be effected by reducing the time and extent 


TABLE 
DEFINITION OF LONG AND SHORT EXPOSU RE* 
Long No. Short No. 
Clothing fires from: Explosions without 
(a) open flame......... 50 | clothing fire: 
(b) kerosene explosion..| 9 (a) gasoline 23 
(c) gasoline explosion... + 4 (b) natural gas and bu- 
Conflagration............ 13 tane 11 
EE 8 | Spill scalds 24 
Immersion scalds......... 12 | Contact with hot object..| 5 
Ignition of clothing con- 
taining combust. liq..... 4 
103 63 


* Dallas, 1946-51, ages 0-61; injuries covering 15 per cent body 
surface or more; miscellaneous causes not classified. 


of exposure to the thermal agent. Inasmuch 
as the majority of fatal thermal injuries are 
associated with the burning of clothing upon 
the body the universal use of non-flam clothing 
would immediately reduce the mortality and 
morbidity of thermal injury. 

The importance of constructing garments 
from non-flammable materials during peace 
time would be inordinately enhanced during 
modern incendiary warfare, atomic and non- 
atomic. Three hundred thousand people were 
destroyed by fire storm in Dresden in one night 
and at least one-quarter of the casualties of the 
Nagasaki and Hiroshima explosions were of 
thermal origin. It is highly probable that many 
of those who died in Germany and Japan would 
not have done so had their clothing not caught 
on fire. 

This very imperfect inquiry into the socio- 
logic circumstances attending thermal injury 
fully substantiates Colebrook’s conclusions 
drawn from his experience in Britain. The most 
effective way of accomplishing a part of the 
ultimate medical aim concerning burns and 
scalds, the abolition of pain and death from 
thermal injury, is to effect changes in the ways 
of living. The unguarded, open flame should 
be abolished. Girl children should be dressed in 
pants rather than in skirts. The manufacture 
of garments from flammable fabrics should 


be prohibited. 
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U. S. Bur. Census, Stat. Abst. of U. S., zoth ed. 
Washington, D.C., 1949. 
. Vital Statistics, Spec. Rep. vol. 36, no. 13, February 
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Internal Hydrocephalus, a Complication 
of Acute Cerebral Trauma 


JoHN Raar, M.D., Portland, Oregon 


B per lowering of the mortality among pa- 
tients who have suffered head injury'' has 
been due in part to general practitioners as well 
as specialists in craniocerebral trauma alerting 
themselves to space-occupying intracranial le- 
sions which may be surgically removed. Extra- 
dural hematomas, subdural hematomas and 
hydromas have received much attention in the 
past. More recently surgeons have intensified 
their search for intracerebral hematomas and 
pulpified hemorrhagic brain tissue, the removal 
of which may be life-saving by reducing intra- 
cranial pressure. This paper has been written 
to call attention to another space-occupying 
lesion which may result from trauma, namely, 
internal hydrocephalus. 


REVIEW OF LITERATURE 


Dilatation of the ventricular system as a late 
result of head injury is well known, but a search 
of the literature published during the past 
twenty-five years reveals relatively few refer- 
ences regarding the role that internal hydro- 
cephalus may play in acute craniocerebral 
trauma. 

Arnand! and Hauptmann’ pointed out that 
an increase in the ventricular fluid occurs after 
head injury, and Denis* advocated ventricular 
drainage as a means of treatment. 

Villareal stated that the high mortality in 
traumatic block of the ventricles was partly 
due to failure to make an exact diagnosis and 
partly due to the fact that the surgical meas- 
ures used “‘have been based too exclusively on 
anatomical consideration without sufficient 
regard to the physiopathological aspects of the 
lesion.”” He reported eleven cases in which he 
had inserted a special trochar into the ventricle. 
Upon withdrawing the stilette, three silk 
threads were placed in the lumen of the trochar. 
Both the trochar and the threads were left in 
place, and the ends of the threads were fixed 
in the cellular tissue of the sternomastoid re- 
gion. After the symptoms of intracranial hy- 


pertension disappeared (from the ninth to 
the twenty-fourth day in the author’s cases) 
the trochar and threads were removed. Two 
of the eleven patients died in twenty-four 
hours; the other nine made excellent recoveries 
without complications. 

Garcin and Guillaume’ stated that an air 
encephalogram via the lumbar route fre- 
quently showed symmetrical dilation of the 
ventricles following soon or relatively soon 
after injury. They emphasized that improve- 
ment followed the replacement of the cerebro- 
spinal fluid with air. 

In studying autopsy material Shapiro and 
Jackson" found that in cases of trauma to the 
head, the subarachnoid fluid was not increased 
but decreased. The lateral ventricles, however, 
were dilated and were filled with 30 to 60 cc. 
of fluid which did not seem to run freely into 
the subarachnoid spaces. They stated: ‘‘The 
dilatation of the lateral ventricles by the brain 
swelling shutting off the foramens is significant. 
Relief of the internal traumatic hydrocephalus 
by ventricular puncture and drainage may 
be a useful approach in correcting cerebral 
compression.” 

Ecker‘ suggested placing a catheter in the 
lateral ventricle of patients who have been 
unconscious for twenty-four hours following 
head injury, if there was any evidence of ob- 
struction of the flow of cerebrospinal fluid at 
the aqueduct or at the foramen magnum. 

Scheinker'* discussed the transtentorial her- 
niation of the brain stem and suggested the 
section of the free edge of the tentorium as a 
means of relieving pressure on the aqueduct. 
He further stated: “It is conceivable that in 
certain cases the establishment of ventricular 
drainage might prove to be a life-saving meas- 
ure pending more definite operative attack.” 

Several authors have considered the difficult 
problem of the mechanism by which the ven- 
tricular system became dilated. Davies and 
Falconer? thought that the frequency with 
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which dilatation of the ventricular system was 
found increases with the severity of the trauma. 
It was their opinion that the ventricular en- 
largements first appeared within two or three 
weeks of injury and may reach their maximum 
within a month. They thought the mechanism 
of the dilatation was more likely due to intra- 
cerebral atrophic processes than obstruction of 
the cerebral spinal fluid pathways. 

Goinard, Descuns and Garre® cite cases of 
internal hydrocephalus following head injury 
in which ventricular taps were performed. They 
could never prove any obstruction to the ven- 
tricular system and were inclined to believe 
that hypersecretion of the choroid plexuses 
rather than a decrease in the absorptive 
mechanism was responsible for the internal 
hydrocephalus. 

Schaltenbrand and Tonnis,'? as well as 
Northfield, also discussed the possible methods 
by which traumatic hydrocephalus developed. 

Muskat® stated that traumatic hydrocepha- 
lus could result from three pathologic factors: 
(1) factors causing increased secretion of fluid; 
(2) factors causing decreased absorption of 
fluid due to clogging of the arachnoid villi and 
pacchionian corpuscles or destruction of the 
normal absorptive areas of the brain by con- 
tusion and laceration; (3) factors causing ob- 
struction to the circulation of cerebrospinal 
fluid such as hemorrhage, edema, compression 
of the brain stem in supratentorial herniations 
and fibrosis and occlusion of the normal chan- 
nels of the cerebrospinal fluid flow from irri- 
tative effects of broken-down blood products. 


CASE REPORTS 


Case 1. A thirty-cight year old man suffered a 
head injury when struck by an automobile on 
December 24, 1950. He was unconscious for two or 
three minutes and sustained numerous lacerations 
about the face and lips. Cerebrospinal fluid drained 
through the left ear and roentgenograms of the 
skull showed a left temporal fracture. Weakness of 
the musculature on the left side of the face indi- 
cated left seventh nerve injury. For the first few 
days after injury he seemed to improve; then he 
became more restless and finally drowsy. Exami- 
nation of the optic discs showed an early papil- 
ledema. Since his clinical course suggested an intra- 
cranial hematoma, he was operated upon on 
January 4, 1951, and three burr holes were placed 
in each side of the skull. No extradural or subdural 
hematomas were found but the brain was “‘tight”’ 
and bulged through the burr hole openings. Ven- 
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triculography was indicated and the lateral ven- 
tricles were tapped. Yellow cerebrospinal fluid 
gushed from the needle in the right ventricle, while 
clear, colorless cerebrospinal fluid drained from the 
left ventricle. Approximately 40 cc. (almost twice 
the normal amount) of cerebrospinal fluid were re- 
moved from the ventricles. Air was substituted and 
no communication between the two lateral ven- 
tricles could be demonstrated. Roentgenograms of 
the head after the injection of air revealed the 
ventricles to be somewhat larger than usual. 
(Fig. 1.) Two more ventricular taps were done in 
the next five days. The patient’s condition im- 
proved rapidly, and he was dismissed from the 
hospital on January 26, 1951. 

The fact that clear cerebrospinal fluid was re- 
moved from one ventricle and yellow fluid from 
the other ventricle, and that air injected in one 
ventricular needle did not come out the needle in 
the other ventricle suggests that there was a block 
between the two lateral ventricles. Possibly a clot 
blocking a foramen of Monro was responsible for 
the internal hydrocephalus and the increased intra- 
cranial pressure. 

Case u. On February 4, 1951, a twenty-four 
year old man was in an automobile which over- 
turned. He was unconscious for a short period and 
was taken to a local hospital where he remained 
a few hours. Two or three days after the injury 
he began to have headaches and vomited occa- 
sionally. His physician told him to stay at home 
for a week, but the pain, particularly on the left 
side of his head, increased. The vomiting continued 
and he began to have intermittent diplopia. Seen 
again by his physician, he was ordered to the 
hospital. Weakness of the right extremities and 
numbness of the right side of the body developed. 
His local physician found the cerebrospinal fluid 
pressure to be 400 mm. (water manometer). On 
February 24th, twenty days after the original 
injury, he was transferred to a Portland hospital. 
Neurologic examination revealed bilateral papil- 
ledema. There was mild weakness of the left ex- 
ternal rectus° muscle. The strength of the muscu- 
lature of the right arm and leg was reduced as 
compared to the left. Except for the biceps and 
supinator reflexes, which were increased on the 
right side, the tendon reflexes were normal. The 
abdominal reflexes were slightly reduced on the 
right, and the Babinski reflex on the right was 
positive. When roentgenograms of the skull indi- 
cated there was a 4 mm. displacement of the calci- 
fied pineal gland to the right of its normal mid- 
sagittal position, a left-sided intracranial hematoma 
was thought to be present, and the patient was 
taken to the operating room the day of ad- 
mission to the hospital. Four burr holes were 
placed in the left side of the skull, but no subdural 
or extradural hematoma was found under any of 


~ 
Se 
~ 
a 
4 
) 
‘ » 
1 
aS 
+ 
= 
= 
xt 


the burr hole openings. The brain was “tight” and 
mildly contused. Through the anterior and pos- 
terior burr holes the brain was needled, but no 
intracerebral hematoma was encountered. Finally 
the left lateral ventricle was tapped, and cerebro- 
spinal fluid under pressure gushed from the needle. 
After the evacuation of the cerebrospinal fluid the 
brain became relaxed and began to pulsate. Be- 
cause the pineal gland was shifted from left to 
right, burr holes in the right calvarium were 
deemed unnecessary. Before the patient left the 
operating table he was much less lethargic, and the 
muscle strength of the right side of the body had 
increased. His improvement thereafter was rapid 
and it was not necessary to repeat the ventricular 
tap. The patient left the hospital on March 13, 
1951, practically without symptoms. 

The site of obstruction which was producing the 
internal hydrocephalus in Case 1 is unknown. 
However, the shift of the pineal gland to the right 
side, and the marked relief of intracranial pressure 
upon tapping the left ventricle suggest that the 
hydrocephalus was confined to the left lateral 
ventricle. 

Case ut. A thirty-seven year old white male 
fell from a platform on January 13, 1953, struck 
the left side of his head and sustained a 2-inch 
laceration of the scalp in the left parietal area. He 
immediately became deeply comatose. Upon enter- 
ing the hospital there was dark blood draining from 
his nose and mouth. His blood pressure was 240/80 
(blood pressure readings prior to injury unknown) 
and his pulse, 86. The pupils were equal, measuring 
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Fic. 1. Case 1. Ventriculography revealed enlargement of both lateral ventricles. 


approximately 3 mm. in diameter; the pupillary 
light reflex was lost bilaterally. He moved the 
extremities on the left side a little more than those 
on the right. All tendon, abdominal and cremasteric 
reflexes were absent and the Babinski reflexes were 
bilaterally positive. Roentgenograms of the head 
taken on the day of admission showed a severely 
comminuted fracture involving the posterior part 
of the calvaria, the fracture line extending from 
one side to the other. 

Inasmuch as the patient displayed no neurologic 
signs indicating localized brain damage or com- 
pression, exploration for intracranial hematoma did 
not seem indicated. A tracheotomy was performed 
and the usual medical measures for treatment of a 
patient with head injury were instituted. On 
January 15th, two days after injury, it was noted 
that the right pupil was larger than the left. The 
blood pressure, which had come down from the 
original high level, had gradually risen again. On 
January 15th a burr hole was placed in the right 
temporal area, an intracerebral clot was found, 
and approximately 40 cc. of blood and pulpified 
brain were removed from the anterior portion of 
the right temporal lobe. Two more burr holes were 
placed in the right calvarium, and two burr holes 
were made on the left side. None of these uncovered 
anything of significance. After evacuation of the 
intracerebral clot and pulpified brain tissue, the 
brain was much less “tight.”’ His blood pressure 
fell to normal and apparently the patient was 
improving. On January 19th, four days after oper- 
ation, he was less responsive; a lumbar puncture 
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Fic. 2. Case 1. There is marked dilatation of the 
lateral ventricles. Note destruction of right temporal 
lobe from intracerebral hemorrhage. 


hundred forty cc. of fluid were removed and 
ventricular drainage was instituted but his general 
condition became worse and he expired on Febru- 
ary I, 1953. 

Autopsy revealed a marked dilatation of the 
ventricular system. (Fig. 2.) Apparently the inter- 
nal hydrocephalus was due to blockage of the 
aqueduct of Sylvius (Fig. 3) by brain débris and 
inflammatory cells. (Fig. 4.) Dr. William L. Lehman 
described the microscopic appearance of the ven- 
tricular wall as follows: 

“Sections of the ventricular system and _ its 
ependymal lining show considerable loss of archi- 
tecture and distortion due apparently to some 
traumatic incident. The entire subependymal zone 
for several microscopic fields has undergone de- 
generation and there are many gitter cells as well 
as evidence of degeneration and destruction of the 


Fic. 3. Case 11. The aqueduct of Sylvius is completely blocked producing in- 


ternal hydrocephalus. 


showed bloody fluid under 600 mm. pressure (water 
manometer). Because his condition was deterio- 
rating, the patient was taken back to surgery on 
January 20th and an osteoplastic flap elevated in 
the right temporal area. More intracerebral clot 
and pulpified brain tissue were removed from the 
right temporal lobe. To permit the maximum 
amount of decompression the dura was left open 
and the bone flap discarded. Closure was made in 
the usual fashion. Again the patient’s condition 
improved and he could carry out simple commands. 
On January 23rd the left pupil became larger than 
the right, his general condition was poor and his 
blood pressure rose to 180/60. On January 24th 
through burr holes in the posterior calvaria the 
ventricles were tapped and cerebrospinal fluid was 
found to be under greatly increased pressure. One 
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normal tissue. This deterioration has been followed 
by round cell and neutrophilic infiltration which in 
many instances has completely obliterated the 
ependymal cell lining and the lining is identified 
only by a thin zone of fibrinoid substance. The 
degree of thickness of neutrophilic exudate varies 
from place to place and throughout there is a thin 
reticulated fibrin network holding the exudate 
together. An occasional clump of basophilic ma- 
terial appearing as fine punctate structures is 
noted. This is the only indication of possible bac- 
terial infection which could have produced the 
above described fungate. However, when gram 
stained tissue sections are studied, typical colonies 
of bacteria are not found. Were these ependymal 
changes and the associated subjacent destruction 
due to a bacterial etiology, the presence of bacteria 
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Fic. 4. Case 1. Microscopic appearance of blocked aqueduct of Sylvius. 


would have to be much more numerous to produce 
this extensive degree of damage. The microscopic 
appearance of the aqueduct of Sylvius is very 
similar to that described. Here the necrotic ma- 
terial again is noted, but now present to such an 
extent that the small channel is practically occluded 
by these cells. Again there are no evidences of 
bacterial colonies.” 

This patient sustained a very severe head injury 
with contrecoup laceration resulting in an intra- 
cerebral hematoma and pulpification of the right 
temporal lobe. Two attempts to remove the intra- 
cerebral hematoma and pulpified brain tissue failed 
to keep the intracranial pressure down. Finally, 
eleven days after injury and on his third trip to 
surgery, it was found that the patient had a very 
marked internal hydrocephalus. Unfortunately, 
cerebral damage was so great that ventricular 
drainage failed to save the patient’s life. Autopsy 
revealed that the patient had some ependymitis 
and it might be argued that this was the reason for 
the occlusion of the aqueduct of Sylvius. However, 
there was never any evidence of wound infection, 
and if the patient had ependymitis due to bacterial 
invasion, this probably came after the ventricular 
drainage was instituted, and had nothing to do 
with the internal hydrocephalus which was present 
the first time the ventricles were tapped. 


COMMENT 


Geoffrey Jefferson’s* statement, shall do 
a better service to surgery and to the patient 
if we regard every head i injury as a potential 
subject for operation...” is no less true 
today than it was twenty years ago. Essential 


to the reduction of mortality among patients 
with head injuries is the constant search for 
space-occupying intracranial lesions which can 
be removed with the resulting reduction in 
intracranial pressure. When the patient with 
head injury does not improve, multiple burr 
hole exploration of the brain is indicated. If an 
epidural or subdural hematoma or subdural 
hydroma or effusion is not found and the pa- 
tient has a “tight brain,’”’ the surgeon must not 
be content to do a subtemporal decompression. 
The search should then be made for an intra- 
cerebral hematoma or hemorrhagic pulpified 
brain tissue which can be removed. Ventricu- 
lography is sometimes necessary to localize 
these lesions. The purpose of the present com- 
munication is to emphasize that an acute 
internal hydrocephalus may be the cause of 
intracranial hypertension, and ventricular drain- 
age or repeated tapping of the ventricles may 
be a life-saving measure. In two of the three 
cases herein reported, the patients improved 
dramatically with ventricular tapping. The 
third patient, with very extensive cerebral 
damage, did not survive in spite of ventricular 
drainage. 
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From the Department of Surgery, University of Louisville 
School of Medicine, and St. Joseph Infirmary, Louisville, 
Ky. 


Aor collection of gas, usually air, 
beneath the pericranium or within the 
skull constitutes a cranial aerocele. This may 
be extracraniai or intracranial. Most always 
the air accumulates spontaneously within the 
cranium either beneath the dura, in the suba- 
rachnoid space within the ventricles or within 
the cerebral tissue in the form of a pneumo- 
cephalon. The extracranial collection of air 
occurs less frequently and the extradural 
aerocele still less often. (A case representing 
both is reported herein.) 

An aerocele occurs most often as a complica- 
tion of skull fractures or perforating injuries 
to the head. They are seldom observed in the 
initial films as. their development is delayed 
sometimes even months after injury. For this 
reason many are not found or even suspected 
and the later changes in the clinical course of 
the patient are attributed to some other cause. 
In most of these cases the diagnosis comes as a 
total surprise, as happened to us in Case 1 when 
the patient returned in a critical state three 
months after injury. 

We wish to stress the clinical aspects of 
aeroceles in hopes that the condition will be 
kept in mind and prevented where possible, or 
apprehended early by an awareness of the con- 
dition or by follow-up films of head injuries, 
thus permitting appropriate treatment before 
the progress of infection or the quantity of the 
trapped air has produced critical changes 
within the cranium. 

Also, we wish to include an historical review 
of the literature and the report of four cases. 
One of these cases illustrates a combined extra- 
cranial and extradural aerocele, apparently not 
incident to trauma, infection or neoplasm, a 
very rare type both in respect to location, 
mechanism of production and probable cause. 


HISTORICAL NOTE 


The literature generally ascribes to Chiari! 
the first report of a case of aerocele in 1884, but 
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Lecat* in 1741 seems to have priority of 143 
years; also, in 1873 Wernher* reported a case 
of pneumatocele cranii. However, at necropsy 
Chiari demonstrated the typical mechanism 
found with injury to the ethmoid region and 
air entering through a dural rent into the 
frontal lobe and then into the ventricle. 
McArthur‘ in 1905 collected twenty-three oc- 
cipital and ten frontal cases of extracranial 
aeroceles. In one case trauma had occurred 
seven years and another twelve years prior to 
consulting a physician when the lesion was 
recognized. He described treatment in detail, 
consisting mainly of pressure or incision and 
packing. Seventeen patients were cured, six had 
recurrence, eight cases were doubtful and there 
were two deaths. 

Luckett® in 1913 was the first to illustrate the 
lesion by means of roentgenograms. His case 
was one of trauma and he was able to demon- 
strate air in the ventricles. Up to this time 
most of the reports in the literature concerned 
extracranial aeroceles. These could be felt and 
seen but with the ad:ent of x-ray many clinical 
reports soon appeared, particularly from Ger- 
many. More will be said later about von 
Duken’s® report and others,’ concerning the 
mechanism of entrance of air into the cranial 
cavity via accessory sinuses due to coughing, 
sneezing, etc. The chemical analysis of the gas 
was first reported by Skinner.’ The histopa- 
thology was stressed by many others.*-"! 

Dandy” in 1926 made the first compre- 
hensive report on the subject. Trauma, erosion 
of intracranial tumors, mainly in the ethmoid 
area, and gas-forming organisms were ad- 
vanced by him as the productive causes. Of 
twenty-four cases produced by trauma, six 
were recognized in a time interval of one week, 
three in one month, ten in four to six weeks, 
and five later. The immediate surrounding 
hemorrhage and edema at first seals off the 
passages into the cranial cavity. Sneezing, 
coughing and activity also add to later ingress 
of air into the head. 

We have reviewed forty-two papers on the 
subject prior to 1926. The references given 
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previously have been mentioned because of 
some historical first or because of special value 
from the standpoint of information. From 1926 
on we have found 154 papers dealing with all 
phases of the lesion in different manners but 
generally expanding the information on the 
subject. After Dandy’s excellent contribution 
in 1926 the next outstanding paper was that of 
Courville'* in 1943, which rather thoroughly 
discussed the matter of classification, mecha- 
nism, pathogenesis and surgical pathology. He 
had studied in detail three cases that came to 
necropsy and contributed information that had 
been lacking in the literature, as detailed 
necropsy reports had been quite rare. Fortu- 
nately Courville, because of his special interest 
in the subject, was able to utilize the necropsy 
material available to him to the best advantage, 
and filled a great hiatus in the literature up to 
that time. 


CLASSIFICATION 


There are two sources of air or gas found in 
the various types of aeroceles: first, that of 
bacterial origin, which we will not consider in 
this communication, and ordinary air that finds 
its way by means of various and devious routes 
and mechanisms beneath the subaponeurotic 
layer of the scalp or within the skull. So then 
grossly we may classify this lesion as extra- 
cranial and intracranial. 

Extracranial Aerocele. The extracranial le- 
sion is known as an aerocele or pneumatocele. 
It may be again subdivided into frontal, or 
that which comes from injuries or erosions 
through the anterior wall of the frontal sinus, 
and the occipital aerocele which may result 
from injury or erosion of the mastoid cells and 
indirect communication with the eustachian 
tube. The air may be forced through by 
coughing, sneezing or blowing of the nose and 
accumulates beneath the pericranium. It is 
compressible and can be reduced in size by 
pressure (Fig. 1) but refills again by coughing 
and sneezing. 

The frontal extracranial aeroceles are much 
more common than the occipital type. The air 
enters through a break in the frontal sinus 
where the anterior wall is fractured or eroded 
by tumor or inflammation. The scalp may 
become extensively separated from the skull by 
large accumulations of air which may vanish 
on compression or puncture only to reappear 
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unless the fistulous tract is closed by spon- 
taneous or surgical means. 

Intracranial Pneumocepbalus. Pneumoceph- 
alus refers to air or gas within the cranial 
cavity. In the same manner that blood may 
accumulate in various places within the head, 
so may air collect above and beneath the 
various meninges, within the ventricles and in 
an adventitious cavity within the _ brain 
substance. 

The epidural aerocele is quite rare.'* (Fig. 7.) 
There must be a fistulous tract between the 
posterior wall of frontal sinus and the extra- 
dural space with the dura intact or a like 
communication between the innermost mastoid 
cells which lie adjacent to the dura or via 
direct communication through the roof of the 
middle ear. In our case the extradural pneuma- 
tocele was caused by a mastoid cell opening 
which also communicated with an extracranial 
aerocele. 

The subdural pneumatocele is known as a 
pneumocranium. Theoretically it is more prone 
to develop in compound fractures over the 
calvaria in which the dura is torn with the 
brain remaining intact. The subdural space 
normally over the frontal lobe in the region of 
the frontal sinus is practically obliterated as 
the brain lies in close approximation with the 
dura. For the same reason the subarachnoidal 
accumulation of air rarely occurs through in- 
juries to the calvaria, whereas they commonly 
occur with passage of air through the ethmoid 
or sphenoid sinuses via the basal cistern." 

Case 111 is an example of subarachnoid infla- 
tion of air by way of a compound fracture over 
the calvaria. Dandy!? emphatically stated that 
the subarachnoid space can be inflated only 
through a fistula at the base of the brain; 
however, the aforementioned case proves 
otherwise. 

The subarachnoid air flows into the ventricu- 
lar system via the foramens of Luschka and 
Magendie, and produces a pneumoventricle. 
Sometimes a fistulous tract from the frontal 
or ethmoids communicating directly with the 
injured brain may form a cavity known as a 
pneumocyst. Coughing, sneezing and blowing 
of the nose forcibly may compress air into the 
brain and produce a gradual enlargement of the 
air cavity, which may rupture into the ventricle 
and in this way cause a pneumoventricle. 

Thus we have the following varieties of 
extra- and intracranial collections of air: 
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TYPE OF CRANIAL AEROCELES 


1. Extracranial 
frontal 
occipital 


Subperiosteal { 


u. Intracranial 
Extradural 
Subdural 
Subarachnoid 
Intraventricular 
Intracerebral (pneumocyst) 


MECHANISMS 


. Coughing, sneezing, blowing of nose forcing 
air through fistulous tract in sinuses, 
middle ear, mastoid cells 

. Ball valve mechanism trapping air 

. Free flow of fluid with air replacement 

. Compound fracture or penetrating wound 
of calvaria 

. Multiple spinal punctures 

. Gas-forming organisms 


CAUSES 


1. Penetrating wounds of skull 
11. Fractures of skull with fistulous tract for- 
mation through: 

1. Paranasal sinuses 

2. Tegmen tympani 

3. Mastoid cells 

4. Calvaria 

i. Erosions, due to tumors or infections, pro- 
ducing fistulous tract as above 
iv. Spontaneous: 

1. Abnormal congenital prolongation of 
arachnoid along olfactory nerve (may 
rupture on sneezing) 

. Rupture through thin wall of mastoid 
cell adjacent to dura 

3. Multiple simultaneous spinal punc- 
tures 

v. Surgery: 
1. Craniotomy 
2. Sinus surgery 


SITE OF ORIGIN 


Fractures of skull: 
1. Frontal sinus (fistulous tract) 
1. Anterior wall—extracranial aerocele 
2. Posterior wall 
(a) Dura intact—extradural aerocele 
(b) Dura torn—subdural aerocele 
(c) Arachnoid torn—subarachnoid air 
and pneumoventricle 


(d) Brain torn—cerebral pneumocyst 
and pneumoventricle 
u. Ethmoid sinus (fistulous tract) 
1. Intracranial pneumatocephalus 
(a) Dura torn—subdural aerocele 
(b) Arachnoid torn—subarachnoid air 
and pneumoventricle 
(c) Brain torn—cerebral pneumocyst 
and pneumoventricle 
11. Sphenoid sinus (fistulous tract) 
1. Anterior superior wall 
(a) Dura torn—subdural aerocele 
(b) Arachnoid torn—subarachnoid air 
and pneumoventricle 
(c) Brain torn—cerebral pneumocyst 
and pneumoventricle 
tv. Through tegmen tympani (fistulous tract) 
(a) Dura intact—extradural aerocele 
(b) Dura torn—subdural aerocele 
(c) Arachnoid torn—subarachnoid air 
and pneumoventricle 
(d) Brain torn—cerebral pneumocyst 
and pneumoventricle 
v. Through mastoid cell 
1. Through inner cells (with tract com- 
municating intracranially) 
(a) Dura intact—extradural aerocele 
(b) Dura torn—subdural aerocele 
(c) Arachnoid torn—subarachnoid air 
and pneumoventricle 
(d) Brain torn—cerebral pneumocyst 
and pneumoventricle 
2. Through outer cells (with tract com- 
municating extracranially) 
(a) Subaponeurotic or subperiosteal 
aerocele 
vi. Through calvaria 
1. Fistula to subarachnoid space with air 
replacing fluid; also pneumoventricle 
sometimes 
. Fistulous tract into lacerated brain— 
pneumocyst, also pneumoventricle 
sometimes 


CLINICAL CONSIDERATIONS 
AND SYMPTOMATOLOGY 


Clinically, cranial aeroceles vary in the type 
of symptoms manifested and the extent of the 
clinical course. They may be acute or, as is 
most often the case, decidedly chronic. 

Local Injury. The first consideration is that 
of the local damage produced by the causative 
agent. Since trauma produces an overwhelming 
majority of cases, we shall stress it propor- 
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tionately. Usually there is a compound fracture 
either to the calvaria or into sinuses, mastoid 
or middle ear. The local scalp injury may have 
been cared for properly and healed per primam, 
or it may have been neglected by the patient 
and be infected, producing a constant source 
of concern lest it extend intracranially. Brain 
tissue may exude through the fracture indi- 
cating brain laceration and a potential pneumo- 
cyst as well as an avenue for extension of the 
infection. The fracture may have extended 
through already infected sinuses, mastoid or 
ears. 

Roentgenograms will give valuable informa- 
tion about the location and extent of fracture, 
whether sinuses or mastoids are harboring a 
chronic infection, and detect the presence of 
air. The latter, however, occurs most often 
after the initial effects of injury have subsided. 
(Fig. 1.) 

Infection. A large proportion of cases even- 
tually become infected'* either because of the 
prior infection of sinuses and mastoid or be- 
cause of invasion from the outside. The infec- 
tion may be classified as immediate” or de- 
layed.'* It is estimated that 40 per cent of 
patients die of meningitis. This figure should be 
lower today as more and better antibiotics are 
available. In Case 1 the patient had a frank 
meningitis and pneumocephalus on admission 
to the hospital. Operation was performed im- 
mediately and the fistulous tract obliterated, 
followed by large doses of combined antibiotics 
and vigorous supportive treatment. It is even 
considered possible that the temporary inflam- 
mation may have produced some helpful ad- 
hesions between the arachnoid, brain and dura. 

At any rate meningitis does develop early or 
later, sometimes years after the original injury. 
In Case 11 episodes of temperature, nausea and 
vomiting had occurred at intervals of a few 
months and would subside with the use of sulfa 
drugs at first and later antibiotics by injection 
or orally—all administered by the mother of 
the patient. This had occurred many times 
over a period of six years and suggested a slight 
extension of the chronic process at the fistulous 
tract neighborhood. This brings up the chronic 
inflammatory changes that occur along the 
base of brain, producing slowing progressive 
signs of a basal type, as described by Stuck 
and Weatherby.’ This case suggests the possi- 
bility of an associated chronic encephalopathy 
as well as chronic meningitis. 
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Should the fistulous tract extend into the 
cerebral tissue, an abscess may develop.” 
Symptoms of a localized expanding cerebral 
lesion will be evident. : 

Intracranial Pressure. Increased intracranial 
pressure may result from the initial injury in 
cases of aerocele produced by trauma. How- 
ever, at a later date, depending on the type of 
injury and particular circumstances relating to 
the sinuses, infection and both the pressure 
and irritation of the air” within the head, may 
produce intracranial pressure. As a rule, early 
increased pressure is the result of swelling or 
edema and at times perhaps intracranial bleed- 
ing. The delayed pressure is the true pressure 
resulting from the morbid anatomy and path- 
ology of pneumocephalus. 

Headaches, nausea and vomiting, with vary- 
ing degrees of disturbed consciousness ranging 
from giddiness and drowsiness to profound un- 
consciousness, may be caused by increased 
intracranial pressure. A slow pulse and actual 
measured spinal fluid pressure will further 
establish the suspected pressure. Choked discs 
may be present, especially if a pneumocyst is 
present, or an intracerebral abscess or both 
in the same adventitious cerebral cavity. 

Rbinorrbea. A perceptible rhinorrhea may 
or may not accompany pneumocephalus. The 
ingress of air in some cases is so limited, forced 
by coughing and sneezing through a small 
fistulous tract or a ball valve mechanism, that 
fluid may not be displaced to the outside or 
such small amounts escape that the patient 
does not recognize its presence. Lack of realiza- 
tion by the patient of the escape of fluid is not 
uncommon, and even more often, the sig- 
nificance or importance does not occur to the 
patient, so consequently nothing is said about 
it. At times the patient is not clinically able 
to discern such facts and report them. So it is 
not unusual that the drainage of small amounts 
of fluid may go unnoticed. It is well in this 
regard for the attending physician to question 
the nurses and patient concerning spinal fluid 
drainage at intervals all through the con- 
valescence of the patient with basal fracture. 

In some basal fractures, after the clot has 
retracted and swelling subsided, a fluid leak 
will occur. The thin and avascular bone at 
the base of the skull is not prone to close readily. 
The diploic bone of the calvaria, with its 
vascular elements, heals more rapidly and more 
securely. The dura is intimately attached to 
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the base of the skull and tears easily, lending a 
further cause of rhinorrhea in basal fractures. 

The rhinorrhea is usually noticed sometime 
after injury; a few days, weeks and even years 
afterward.?!:22 It may be intermittent if a ball 
valve mechanism is operating or if there is a 
slow seepage into the ethmoid or sphenoid 
sinus where it is stored temporarily. Leaning 
into a forward position may cause it to drain. 
These patients learn not to lean forward and 
restrict their activities accordingly. In Case 1 
this child at twelve years of age had never 
learned to play with other children, had never 
played ball, football or other active games. 
There may be a continuous?! flow, which would 
indicate a large patent opening, or one into 
the frontal sinus where the fluid makes a ready 
exit. 

It is more difficult than at first realized to 
determine the source of the fluid. The otolaryn- 
gologist may not be fortunate enough to secure 
a flow at the time of examination. The fluid 
from the nose may come from either the frontal, 
ethmoid or sphenoid sinuses. Dandy has indi- 
cated that the sphenoid rhinorrhea occurs when 
the head is tilted forward. This is true also 
with the posterior ethmoid type. I have placed 
indigo carmine intracranially per cistern and 
at later examination failed to reveal the orifice 
from which the fluid had come. However, some- 
times the draining orifice can be detected and 
this is especially helpful in planning repair of 
the fistulous tract. (See Treatment.) When the 
drainage is by way of the middle ear, the ear 
examination is always helpful. 

Focal Signs and Symptoms. The cerebral 
pneumocyst or the extradural and subdural 
pneumocyst is capable of producing focal signs 
and symptoms. The most common cerebral 
pneumocyst is located in the frontal lobe and 
has a fistulous tract communicating with the 
frontal sinus. The size of the cyst will, in 
a large measure, determine the degree of 
frontal lobe symptomatology and the pres- 
sure manifested. 

Personality changes, disturbances of psychic 
status, memory and orientation may be present 
in varying degrees.'?:'* Confusion and im- 
paired judgment was stressed by Haynes.** 
We have noted that in Case 1 this was particu- 
larly true before operation, while afterward a 
decided euphoria remained. 

Aphasia, if the dominant hemisphere is in- 
volved, hemiparesis and even hemiplegia have 
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been reported.'* Unilateral supranuclear sev- 
enth may be present. 

Pressure signs of headache, nausea, vomiting, 
slow pulse, elevated blood pressure, elevated 
spinal fluid pressure and disturbed conscious- 
ness will develop gradually but are relieved 
when the air is evacuated from the cyst. These 
focal signs were noted in Cases 1 and tv. In 
Case iv the pressure was exerted extradurally 
and had compressed the brain mesially about 
2 inches. (Fig. 8.) Courville reports the occipital 
invasion of air through a compound fracture of 
skull with a cerebral pneumocyst formation. 
Focal signs of basal character have already 
been mentioned in connection with chronic 
inflammation of this area, usually resulting 
from surgery of the ethmoid and sphenoid 
sinuses. 


TREATMENT 


Treatment of pneumocephalus and the usual 
accompanying rhinorrhea begins with the 
initial injury. At this time the proper surgical 
measures will eliminate most of the aeroceles 
and rhinorrhea that develop after injury to 
the calvaria and the frontal sinus. This is less 
true with closed injuries to the base of the 
skull. 

The first phase of treatment is, therefore, 
preventive. A careful cleansing of the scalp 
wound, débridement, removal of foreign bodies 
and bone spicules, and complete hemostasis 
will permit good healing and prevent infection, 
both of which will eliminate complications. 
Add to the aforementioned a complete closure 
of the dura by suture or a reflected flap of 
pericranium from the frontal or temporal area, 
or the falx, and a tantalum® cranioplasty then 
or later, and very few aeroceles with rhinorrhea 
will develop. A fascia lata transplant is not 
recommended. Perhaps a five- to seven-day 
course of antibiotics will be a great aid in 
securing healing per primam. 

The frontal sinus poses a problem of a 
particular nature. When the posterior wall has 
been fractured or depressed, the comminuted 
fragments must be removed and if necessary 
the opening enlarged to repair the dura. Some 
recommended removal of the mucous mem- 
brane of the sinus and Haynes”* permits the 
dura to herniate into the frontal sinus to ob- 
literate dead space. This same thing can be 
accomplished by allowing the space to fill with 
blood and thrombin and penicillin. Gelfoam® 
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may be added to help fill in and prevent clot 
retraction. This permits the space to become 
obliterated with firm scar tissue, that forms a 
firm filler for the sinus. 

In closed head injuries, particularly of the 
base, when rhinorrhea develops early from 
the nose or ear, it is the consensus that it is 
best to observe for four or six days and treat 
the patient conservatively in hopes that the 
dural rent will close over and the leak will 
stop spontaneously. With antibiotics one could 
wait safely even longer. Keeping the patient 
from elevating or lowering the head, with 
absolute bed rest, is useful in this stage. No 
spinal punctures are performed. 

Should the rhinorrhea and ingress of air 
continue, the problem falls into the category 
of curative treatment and can be included with 
the cases that represent delayed or chronic 
rhinorrhea and aerocele. The definitive treat- 
ment must necessarily differ with the location 
of the fistulous tract. 

For the improperly treated compound frac- 
tures of the calvaria the drainage of the usual 
abscess cavity in the brain, measures to combat 
infections such as antibiotics, débridement and 
repair of dura and scalp and tantalum cranio- 
plasty then or later will effect a cure. 

When the air enters and fluid passes out by 
way of the mastoid cells, obliteration of the 
cells with a cranial burr and exposure and 
repair of the dura can be effected easily. I have 
often wondered why the burr has not been 
used more frequently by the otologist to re- 
move the mastoid cells. 

_ Most always an exposure of the anterior por- 
tion of the petrous ridge by the temporal route 
will uncover the fistulous tract through the 
tegmen tympani to the middle ear. Bone wax, 
if a small opening in the bone is found, or a 
piece of gelfoam can be used to fill in the defect 
and a pericranial repair is carried out upon the 
overlying dural opening. This will be adequate 
to seal it off securely. 

The chronic pneumocephalus with or without 
rhinorrhea resulting from a fistulous tract be- 
tween the frontal or anterior ethmoid sinuses 
and the cranial cavity presents an easy tech- 
nical problem. The x-rays will usually demon- 
strate the side of injury by revealing an old 
fracture into the sinus. The accumulation of 
air and the side of drainage of fluid from the 
nostril will further help in lateralizing the 
fistulous tract. 


At this point one must be certain that the 
opening is through the frontal or anterior eth- 
moid or anterior sphenoid sinus. For the latter 
a more extensive exposure and operative 
procedure must be planned. Observation of the 
drainage of fluid, that may or may not have 
had indigo carmine added by cisternal punc- 
ture, from the ostia, will be helpful in identify- 
ing whether the frontal, anterior ethmoid, 
posterior ethmoid or sphenoid sinus is involved. 
The opening of the sphenoid sinus is above the 
supreme turbinate. The multiple openings for 
the middle and posterior ethmoids is below the 
superior turbinate. The openings, usually about 
four, for the anterior ethmoids, lie beneath the 
middle turbinate. The orifice for the frontal 
sinus is beneath the middle turbinate. 

For a frontal or anterior ethmoid lesion a 
unilateral frontal scalp and bone flap will give 
adequate exposure. An additional dural flap 
may be turned if the fistulous tract has ex- 
tended into the brain tissue and a cerebral 
pneumatocele without abscess is present. The 
air can be removed, the tract can be dissected 
out, bovied and the dura closed by suture or 
fascial repair much more easily from within. 
However, in a case of long-standing if an infec- 
tion is present, as an abscess within the frontal 
lobe, it may be safer first to determine that it 
has a thick wall about it. When the abscess is 
well walled off, it may be removed en toto as a 
tumor, the fistulous tract excised and a repair 
of the dura made intradurally by fascial trans- 
plant from the pericranium or by utilization of 
the falx which is readily accessible. If the wall 
is thin, it may be safer to drain through the 
sinus tract extradurally without detaching the 
tract from the frontal lobe. The cavity is always 
nearer the surface at the site of the tract; also 
the subarachnoid space and other spaces by 
which infection may spread are already sealed 
off. A small polyethylene tube, which may be 
used to instill antibiotics, is run from the in- 
terior of the cavity to the exterior of the head. 
Later on after the infection has been cared for 
a radical excision of the fistulous tract may be 
undertaken, and the dura repaired. There will 
be some difficulty making the repair of the dura 
over the posterior ethmoid and anterior 
sphenoid sinus. 

We recommend a bilateral frontal flap for 
approach to anterior sphenoid and posterior 
ethmoid lesions. Dandy was rather discourag- 
ing in his comment concerning surgical repair 
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of the posterior ethmoid or sphenoidal sinus 
area. It is the writer’s opinion that a bilateral 
flap will permit the elevation of the dura from 
the entire frontal fossa and permit exposure 
of the posterior ethmoid and anterior sphenoid 
area. The attachment of falx, the crista galli 
and olfactory penetrations must be sacrificed 
and in so doing usually some new openings in 
the dura will be made. However, these with 
the old tears can be repaired by suture or 
transplant, as the dura can be reflected back 
into the tuberculum sellae and ample room 
secured to do the necessary work. The more 
securely the dura can be closed the higher the 
percentage of cures, so every effort should be 
made to effect a good closure. In case it is 
impossible for some reason or various reasons, 
to close the dura tightly, several alternatives 
may be utilized. 

One may attempt to get the dura to adhere 
to the brain by suturing or by packing with 
gauze left in place for several days. Gelfoam 
may be substituted for the gauze and left in 
place without removal. It would seem to be 
preferable, especially if some blood and 
thrombin are allowed to permeate the gelfoam. 

One of the reasons why a fracture through 
the base of the skull does not heal or heals 
slowly is that the bone is thin and avascular. 
There is no vascular diploic layer between the 
two tables as in the calvaria. In the sinus area 
this thin layer of avascular bone forms the roof 
with no soft tissue under it or about it from 
which blood supply may extend to start a 
process of healing. 

In addition to the foregoing, measures to seal 
off the fistulous tract to the sinus is the next 
logical step in effecting a cure. 

Fascia and muscle placed over the bony 
defect disintegrate or retract and often permit 
a leakage later. Melted bone wax poured and 
molded into the openings of the floor of the 
frontal fossa was used by Adson. We have used 
gelfoam, some penicillin, thrombin and blood 
clot to seal off the crevices and openings in the 
floor of the skull, with some success. I have 
been impressed with the utility of a piece of 
gelfoam impregnated with penicillin, whole 
blood and thrombin. It can be compressed into 
a cavity, but being porous and sponge-like will 
expand rather than retract, thus exerting a 
desirable degree of pressure in all directions. 
This helps to seal off the opening more securely 
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as it acts like a soft expansive, yet pliable sub- 
stance not irritating to surrounding tissues. 


CASE REPORTS 


The following cases illustrate aeroceles 
originating from the frontal sinus, from the 
ethmoid sinus, from the mastoid area and the 
ingress of air accompanying an acute injury 
to the calvaria in the frontoparietal area. They 
also illustrate an extracranial type of aerocele, 
extradural aerocele, a subarachnoid and sub- 
dural insufflation of air, a pneumoventricle 
and a pneumocyst in the frontal lobe. 


Case 1. This seventeen year old white male 
was injured in a car accident and received emer- 
gency treatment at another hospital, at which 
time laceration above the right eye and forehead 
was sutured. There was evidence of considerable 
swelling and ecchymosis of the lid, and the eye 
itself could not be visualized because of the swell- 
ing. He presented evidence of acute cerebral 
contusion, with normal blood pressure, pulse of 
100 and temperature of 101°F. He was rational 
but stuporous. He presented no focal motor or 
sensory changes. The original films showed a 
fracture of the base extending into the frontal 
sinus. The patient made a normal convalescence; 
the wound healed per primam. He was discharged 
on the sixth or seventh day and received treat- 
ment from his local family doctor. 

On August 13, 1948, approximately six weeks 
after injury, he reported back to the office for 
examination. Headaches had gradually developed 
in the two weeks previously; he showed some 
emotional imbalance, was euphoric and even 
had to be reminded of things he should and should 
not do. However, there was no evidence of increased 
pressure or of any focal signs. Unfortunately, 
we did not suspect a pneumocyst and no follow-up 
x-rays were taken. On September 23rd, approxi- 
mately three months after injury, he was re- 
admitted to the hospital complaining of headache, 
nausea and vomiting. There was some irra- 
tionality. The disks were flat; there was no evi- 
dence of cranial nerve disturbance. Aside from 
marked personality changes with the subjective 
symptoms given there was no focal motor or 
sensory change. Visual fields were normal. Spinal 
fluid pressure was 210, with cell count of 1, total 
protein 54 and sugar 68. X-rays showed a large 
pneumocyst in the right frontal lobe. (Figs. 1 
to 3.) 

On September 25th a bone flap was turned in 
the right frontal area. The convolutional markings 
were ironed out and the brain was distended. On 
palpation it was easily compressible, as if there 
were a cavity filled with gas beneath. The thin 
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Fic. 1. Case 1. Right frontal aerocele communicating 
with ventricle. 


fistulous tract. A transplant of pericranium about 
3 by 3 cm. was sutured over the fistulous opening 
in the dura. The brain and the dura were not 
separated. The dura was sutured and the remainder 
of the closure as usual. The patient was placed 
on antibiotics. Films on October 1st showed the 
bone flap in the right frontal region, and only a 
slight amount of air could be visualized in the 
cystic cavity. On November 3rd all the air had 
been absorbed. 

This patient has been observed carefully. He 
has presented some signs of euphoria and definite 
personality changes still remain. Generalized 
myoclonic seizures have occurred on two occa- 
sions. However, he has been able to control them 
entirely in the past year with anticonvulsive 
drugs. He has since been married and has been 
working steadily. 


3 


Fics. 2 and 3. Case 1. Postero-anterior and anteroposterior views of right frontal aerocele. 


distended cortex collapsed when the cavity was 
opened, and the gas escaped. The cavity held 
approximately 8 ounces of fluid when filled. The 
interior of the cavity was smooth and clean. We 
could see that it extended almost to the very tip 
of the frontal lobe. It was noted there was a com- 
munication between it and the frontal sinus. Ten 
thousand units of penicillin were introduced into 
the fluid-filled cavity. Extradural exposure was 
then made back to the point where the fistulous 
tract communicated between the frontal sinus 
and the pneumocyst. This was severed with bovie, 
and a piece of gelfoam saturated with penicillin 
was placed in the opening over the distal end of the 
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Case u. This patient, a white male, was seven 
years of age when first seen July 9, 1945. In March, 
1944, he had sustained a head injury in a car 
accident and was unconscious for two hours. 
X-rays revealed a linear fracture of the left parietal 
bone and some cloudiness of both mastoids, 
possibly due to blood. He ran a daily temperature 
from the date of injury until March, 1945, one 
year later. He was practically bedfast. Four 
months prior to the time we saw him he was 
able to be about but would have occasional flare- 
ups of temperature; during this time there was 
also drainage of spinal fluid from the right nostril. 

When first seen by us July 9, 1945, spinal fluid 
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had been draining from the right nostril for about 
the past two weeks. On examination the child 
appeared to be rather weak, had a headache, had 
been vomiting for four days and was dehydrated. 
No focal neurologic signs were demonstrated. 
He was treated with antibiotics; his temperature 
subsided and the symptoms improved. X-rays 
at this time did not reveal any evidence of an 
old fracture and they were negative otherwise in all 
respects. Operation was refused and the patient 
was allowed to go home. On July 26th he returned 
because of a serosanguineous drainage from the 
left ear (it had been six to seven months since 
it had drained before). A noticeable swelling was 
present over the right frontal sinus. He was 
treated by an otolaryngologist and returned home. 
In November, 1945, he had one episode of spinal 
fluid drainage from the right nostril, accompanied 
with an elevated temperature. In February, 1946, 
spinal fluid dripped from the nose for two weeks 
after he had had a temperature for two days. 
There was also nausea and vomiting. He was given 
penicillin by his mother. On August 15th he had 
a bout of temperature but no rhinorrhea. An ear 
examination at that time was negative. On July 30, 
1947, his mother reported the patient had had 
dripping from the nose for the past three weeks 
and his temperature had ranged as high as 105°F. 
for two days. He was given sulfadiazine and 
penicillin by a local doctor and by his mother. 
Examination at that time showed the left pupil 
was larger than the right pupil; memory and con- 
centration were a little impaired. X-rays revealed 
normal mastoids, normal sinuses, no evidence of 
old fracture and no pneumocephalus. 

In January, 1949, he had bilateral otitis media 
and received penicillin. 

The patient came in to the office in August, 
1949. He showed no intracranial complications 
and had had no spinal fluid leaks for almost a 
year. In November, 1949, his mother wrote that 
since we had seen him in August he had started 
school, went four weeks and then started running 
a temperature again. She said: “It seems the 
only way I can keep his temperature down is to 
give him penicillin and sulfa. When I leave it off 
his temperature comes up again. He has had some 
drops but he never wants to hold his head down; 
he says he is afraid that some drops will come. 
He has taken so much medicine that I am afraid 
to give him any more. I believe that the operation 
will have to be performed.” 

He came in to the hospital November 7, 1949, 
at which time x-rays showed increased density 
throughout the ethmoid region. The rest of the 
paranasal sinuses were normal. He had an elevated 
temperature, drainage of spinal fluid, nausea 
and vomiting. Gram-positive hemolytic staphy- 
lococci were recovered from the spinal fluid 
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Fic. 4. Case u. Air in anterior portion of lateral 
ventricle. 


that had drained from his nose. We thought this 
might be a contaminant. Red count was 4,460,000, 
leukocytes 15,500, neutrophils 80 and lymphocytes 
18. The otolaryngologist attempted to find the 
orifice from which the spinal fluid drained but 
was unsuccessful. However, he felt certain that 
it came from the right side of the nose always, 
and this in itself was some help. 

On November 14th a right frontal flap was 
turned and the dura reflected down to the lesser 
sphenoid wing. Another team removed the fascia 
lata. It was sutured over the openings in the dura. 
These openings were two in number and repre- 
sented a place where the dura was formerly adhered 
to an opening in the posterior ethmoids or anterior 
sphenoid. The dura was replaced and the wound 
closed with interrupted sutures. 

On February 7, 1950, the local doctor called and 
advised that the patient had a cold, that he had 
been coughing and spinal fluid was again draining 
from his right nostril. 

He re-entered the hospital March 13th with 
rhinorrhea, temperature, nausea and vomiting. 
Spinal fluid culture showed Streptococcus veridans. 
Three other fluid cultures were completely nega- 
tive. Thirty-seven cells were found, all lympho- 
cytes. In another specimen there were 62 cells, 
100 per cent lymphocytes, total protein 125, 
sugar 112. Sputum culture showed Proteus vul- 
garis and Str. veridans. No evidence of tuber- 
culosis was found in the sputum. On entrance at 
this time the red count was 5,690,000, white 
count 20,800, 85 per cent neutrophils, 14 per 
cent lymphocytes. The patient was moderately 
dehydrated. 

X-rays of the skull showed the previous opera- 
tive osteoplastic flap in the right frontal area, 
and considerable air in the basal cistern and some 
air in the anterior portion of the lateral ventricles. 
(Fig. 4.) 

X-rays of the chest showed some cloudiness 
throughout the right lung field consistent with a 
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Fic. 5. Case 11. Compound fracture with filling sub- 
arachnoid space with air. 


diffuse pneumonic process, probably secondary to 
hypostasis. 

On March 17, 1950, re-examination of the head 
showed no significant changes compared with the 
foregoing report of the films on March 13th. 
The films of the chest at this time showed clearing 
of the right lung field. The patient had remained on 
combined antibiotics and the spinal fluid ex- 
amination was negative. Right-sided rhinorrhea 
continued, 

On March 18th under general anesthesia the 
right frontal flap was re-elevated. It was necessary 
to use a Gigli saw again. The bone flap was firmly 
united to the contiguous bone. The dura was 
elevated from the floor of the frontal fossa and 
reflected back to the sphenoid wing. It was lifted 
from the midline groove and separated from the 
crista galli. It is difficult to remove the dura from 
the crista galli without tearing it. The greatest 
care has to be exercised at this point. The crista 
galli was removed; the falx was severed. This 
permitted a more complete elevation of the dura 
from the frontal fossa on both sides. At this time 
inspection of the dura and the frontal fossa was 
possible. The former piece of fascia that had 
previously been placed was absorbed or incor- 
porated into the dura. There was slight inflamma- 
tory reaction of the dura over the posterior ethmoid 
region, and an opening connecting with the 
posterior ethmoid or anterior sphenoid plainly 
visible. Bone wax was firmly compressed in the 
smaller crevices and openings in the ethmoid 
groove. Blood and thrombin, penicillin and gel- 
foam were used to seal off the larger openings of 
the bone, some of which was pushed into the 
sinuses beneath. A previously prepared piece of 
pericranium was extended into the frontal fossa 
and cut so as to extend as far inward as possible. 
A separate piece of fascia was used to suture over 
the innermost openings of the dura. More gelfoam 
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soaked in blood and thrombin was placed wherever 
indicated. Dura was allowed to come back into 
place. The wound was closed tightly, with no drain. 

On March 20th the spinal fluid culture showed 
gram-positive cocci, and on the same day a new 
culture was started; spinal fluid cell count was 
52, 100 per cent lymphocytes, protein 130. March 
21st: cell count 37, all lymphocytes. March 22nd: 
forty-eight-hour culture started March 20th 
showed Str. veridans. The one taken March 21st 
was negative. March 22nd: spinal fluid cell count 
was 211, polymorphonuclears 35 per cent, lympho- 
cytes 65 per cent. March 23rd: count was 32, 
polymorphonuclears 50 per cent, lymphocytes 
50 per cent. Combined antibiotics had been 
continued. March 24th: cell count was 34, lympho- 
cytes go per cent; sulfadiazine concentration 
spinal fluid was 2.05. March 25th: sulfadiazine 
spinal fluid concentration was 2.5 and the cell 
count o. Sulfadiazine was given intravenously; 
penicillin was given intramuscularly and intra- 
thecally. The patient made a good convalescence, 
and after ten days the antibiotic therapy was 
gradually tapered off and discontinued at the 
end of two weeks. The wound healed per primam 
and he was able to be up and about at this time. 

On April 30th a report from the patient’s 
mother indicated he was up and around all day 
and there was a tendency toward slight swelling 
of the ankles. He felt fine, was eating well and had 
gained weight. 

The rhinorrhea has stopped and the child has 
assumed the normal activities of a boy of his 
age; he is going to school regularly, and he re- 
ported in one of his last letters that he had bought 
a rifle and had done some hunting. This is the 
first time in his life he has taken part in the usual 
outdoor activities of a boy his age. 

On January 19, 1951, his mother reported he 
weighed 136 pounds, was doing well in his school 
work and continued to be well. 

Case 111. This patient was a thirty-three year 
old white man. On July 30, 1949, the patient 
entered the hospital about eighteen hours after 
he had received a head injury in an altercation 
with three assailants. He sustained a compound 
depressed fracture, with considerable extrusion of 
brain tissue and free leak of spinal fluid from the 
wound, replaced by air in the subarachnoid space. 
(Figs. 5 and 6.) He was irrational. He showed no 
focal signs, only those general signs accompanying 
a moderate degree of brain contusion. Primary 
débridement of the scalp, the dura and the lacer- 
ated brain was performed. This laceration extended 
almost to the ventricle. The loose fragments of 
bone were removed and the margins of the defect 
removed with rongeurs. It was possible to close 
the dura by suture. Tantalum plate was fashioned 
and secured by screws. The wound healed per 
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primam. There was no evidence of air remaining 
in the head when roentgenograms were taken 
four days later. He has resumed his original duties 
and has had no further complaints. 

Case iv. This thirty-nine year old white man 
was first seen April 26, 1948, complaining of a 
“knot” on the back of the head, right side. This 
was noticed first about six weeks before. There 
was no pain. He had had blurred and double 
vision for the past six weeks, weakness of the left 
arm and leg, headache for the past ten days, 
some confusion and also some nausea and vomiting. 

On examination blood pressure was 120/80. 
Disk margins were not distinct, choking 1+; some 
supranuclear vii on the left. At this time there 
was no weakness of either extremities on the left 
side, but in the next two days a definite weakness 
of the left upper extremity developed. There 
was a mass in the right occipital-parietal region 
about the size of a flattened hen’s egg. It was 
compressible and not tender. Gentle gradual 
compression of the mass caused it to diminish and 
the patient to drop objects in his left hand; the 
left extremities would become paralyzed. Further 
compression would produce unconsciousness. On 
release of pressure the patient would resume 
whatever he was engaged in, like a case of petit 
mal. This maneuver was repeated several times. 
Reflexes were not remarkable at this time. 

X-rays of the head, as reported by Dr. Bell, 
were as follows: “Films of the skull show a most 
unusual condition to be present. There is a large 
area of decreased density that occupies the greater 
part of the occipital area and of the posterior 
part of the right parietal area as well. The margins 
of the area of decreased density are indefinitely 
defined and in the stereoscopic view one has the 
impression that the decreased density is due to the 
presence of gas between the dura and the inner 
table. This patient has a mass in the right posterior 
parietal region and it is said that a needle has 
been inserted into this mass and that gas escaped. 
One in a direct light can see the external mass and 
its density suggests gas or possibly some fat. 

“The mastoid on this side is quite well shown. 
The cells do not seem to be the same in appearance 
as is true on the opposite side, but do not appear 
to be increased in density. The area of decreased 
density did not shift position with changes in the 
position of the patient. The sella turcica seems to 
be quite normal and nothing else of importance is 
seen. 

“Comment: I know of no explanation for the 
changes here. It seems obvious that there is an 
encapsulated collection of gas in the right occipital 
area and this communicates in some way with a 
collection of gas beneath the scalp in the same 
general region. It is possible that there might be a 
defect in the roof of the ear and that gas has 


Fic. 6. Case 111. Postero-anterior view, compound 
fracture with subarachnoid air. 


entered the subdural space in this way but if so I 
know of no reason why it should escape and collect 
beneath the scalp unless it passes out through the 
channel of an emissary vein. It would seem most 
unlikely that this could have come from the 
ethmoid area and so far as we have been able to 
find out, there is no history of trauma in this case. 
Nothing else of importance is noted.” 

The blood and urinalysis were essentially normal. 
The patient was taken to the hospital where he was 
studied in detail. Nothing more found except a 
slowly progressive weakness in the left upper 
extremity and some increased drowsiness. 

On. May 11, 1948, Dr. Bell received a reply 
from Dr. M. C. Sosman of Boston, as follows: 
“Your films arrived last week. I showed them to 
several of the Radiologists, including Ross Golden 
and the Neurosurgeons, but no one had seen any- 
thing like it. They all suggested either a fracture 
through the mastoid or an infection with per- 
foration of the mastoid allowing the air to escape. 
We all agreed on the possibility of a congenital 
defect associated with vigorous coughing, blowing 
of the nose or other mechanical pumping of air 
through the mastoid. One man suggested this 
could be the result of riding at high altitude in an 
airplane. You should check this in your history. 

“I have never seen anything like it and the 
only way I can explain it is on one of the above 
possibilities. 
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Fic. 7. Case tv. Extradural and extracranial aerocele. Fic. 8. Case tv. Showing brain compressed 
by extensive extradural aerocele. Fic. 9. Case 1v. Showing tract through skull connecting extra- 
cranial and extradural aerocele. Fic. 10. Case 1v. Showing subperiosteal pantopaque extending 


intracranially. 


“Ross Golden suggested that you get upright 
films to see if you can demonstrate any fluid levels. 

“Will you let me know how the patient gets 
along?” 

On May 11th we inserted a needle in the mass 
through the scalp in the posterior right parietal 
region, and all of the air was withdrawn and 
3 cc. of lipiodol introduced. After the lipiodol 
was introduced the air did not reaccumulate. 
Apparently it had blocked off the communication 


and tract through which the air entered the extra- 
dural space and also one to the subperiosteal space. 

X-rays were then taken, and the following 
report made by Dr. Sidney Johnson: “Films of 
the head show evidence of a pneumocephalus in 
the right posterior parietal region, appears to be 
external and internal. Pantopaque injection of the 
external air pocket shows clearly the passage of 
the opaque medium through the cranial wall and 
spreading downward and medialward along the 
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groove of the transverse spinous to the mastoid 
region, and filling a large number of mastoid air 
cells. All of the opaque medium appears to be 
extradural. Defects are noted in the cranial wall 
immediately above the external occipital pro- 
tuberance through which the opaque medium 
appears to have passed. A larger defect is noted 
in the posterior margin of the right parietal bone, 
adjacent to the lambdoidal suture. There appears 
to be some loss of the inner table of the skull in 
the right occipital region above the sinus groove, 
and there are small mastoid-like cells along the 
lateral part of the lambdoidal suture on the right 
side, which may represent abnormal extension of 
the cellular structure of the mastoid. No fractures 
are visualized in the involved area. 

The possibility of a vascular tumor cannot be 
excluded, although no definite erosion of bone is 
revealed.” (Figs. 7 to 10.) 

The patient’s clinical symptoms, that is, left vii 
weakness and weakness of the left arm and drowsi- 
ness, improved. On May 18th we took another 
film of his head, which showed a small amount 
of air under the scalp in the right upper occipital 
region. The lipiodol remained as_ previously 
described and there was no air within the head. 
He insisted on going home, and within four days 
we allowed him to leave the hospital. 

On April 11, 1949, the patient reported he had 
no bulging in his head at all and that he hadéno 
other complaints. He was active in his daily duties 
as a grocery store operator. 


SUMMARY 


1. Over go per cent of cranial aeroceles com- 
plicate skull fracture. They may be acute but 
are most often delayed, even years after injury. 

2. Aeroceles are not often suspected; diag- 
nosis is a surprise, not intentional. Retake of 
x-rays of patients with rhinorrhea will intercept 
some. Proper initial care of compound fractures 
will prevent many. 

3. Antibiotics tend to reduce infections com- 
plicating compound fractures and to reduce 
incidence of fistulas. Surgery offers the best 
means of cure. 

4. Illustrative cases are presented, one type 
quite rare. An historical review of the literature 


has been made. 
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DISCUSSION OF PAPERS BY DRS. 
JELSMA AND MOORE 


RAAF, AND 


Haroitp C. Voris (Chicago, IIl.): These two 
papers deal with important complications of head 
injury. I have greatly appreciated the oppor- 
tunity to read them beforehand. 

It is too bad time does not permit the authors to 
read their entire paper. They deal with the litera- 
ture in a very scholarly manner. 

Dr. Raaf has reported in detail three cases. | am 
sure he has encountered others. It has always been 
my practice to tap or attempt to tap the ventricles 
if I failed to find an extradural or subdural he- 
matoma when carrying out air exploration for 
such a lesion. Not only have acutely dilated 
ventricles been frequently encountered, but also 
gratifying immediate improvement has_ been 
obtained by their drainage. 

I believe that this internal hydrocephalus 
represents dilation of the ventricles due to ob- 
struction and consequently it often cannot be 
relieved by lumbar drainage. In fact, drainage 
may be positively dangerous in these circumstances. 

As Dr. Raaf has emphasized, this is another 
form of space-occupying lesion following trauma 
to the head. It represents a condition which can be 
benefited surgically in addition to the well known 
extra- and intracerebral hematoma. | certainly 
agree with him that patients who have not pro- 
gressed satisfactorily after head injury must be 
considered as potential candidates for surgical 
exploration. 

It is the responsibility of every surgeon who 
undertakes the care of these patients to observe 
them constantly and to intervene surgically if 
it appears that one of these space-occupying lesions 
which can be benefited by surgery is present. 

Drs. Jelsma and Moore have thoroughly re- 
viewed this important subject of cranial aerocele. 
I think it is a very interesting subject from an 
historical standpoint. It is not clear to me how 
much Walter Dandy was influenced by the knowl- 
edge of traumatic pneumocephalus. He was 
certainly aware of it at the time he first carried out 
ventriculography. However, he did try a number of 
other radiopaque substances and found them too 
irritating for use in cerebral ventricles before he 
resorted to the use of air. 

I think that to the physician unfamiliar with 
traumatic pneumocephalus, but aware of the 
frequency of diagnostic intracranial injections of 
air, it may be a surprise to learn of the serious 
symptoms that the continued entrance of air 
into the cranial cavity gives. 

It must be emphasized it is a continued entrance 
of air to the intracranial cavity that produces 
these symptoms. Several times in routine x-rays 
of the skull after injury we have noted intracranial 
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collections of air which were absent on re-examina- 
tion two or three days later. It is only the con- 
tinued entrance of air that counts. If the portal 
of entrance of air spontaneously closes, the pneu- 
mocephalus is self-limited and of short duration, 
just as in diagnostic injections. 

I would like to join the authors in emphasizing 
that once the persistence of intracranial aerocele 
has been established early surgical treatment 
should be carried out before the development of 
infection or damage to the brain by pressure of 
intracerebral pneumocysts. 

Any case of persistent rhinorrhea or otorrhea 
must be carefully followed up by repeated x-rays 
to the skull lest a complicating pneumocephalus 
be unrecognized. 

The symptoms produced by this complication 
are not, of course, in themselves diagnostic of 
pneumatocele, but the skull roentgenogram is. 
The alert physician should therefore, if he keeps 
this possibility in mind, have no difficulty in 
recognizing this rare but important complication 
of head injury. 

Frank H. Mayrietp (Cincinnati, Ohio): I 
was pleased to have had the opportunity to hear 
these papers and I was interested to hear Dr. Raaf, 
in particular, draw on the wisdom of that surgical 
philosopher, Dr. Jeffrey Jefferson. 

I would like to inject that of my old teacher also, 
Dr. Claude Coleman, who said that in addition to 
trying to relieve the anxieties of your patient 
it is very important that you keep your team 
anxiously alert to what might be going on in 
order to recognize progressive changes for the 
worse in patients with head injury. 

He injected into our thinking the conviction that 
if a patient who sustained a head injury survived 
long enough to reach the hospital and died there- 
after, it was our fault; that we had failed to recog- 
nize or alter something that was going on; that 
progressive deterioration of the brain took place 
as a result of increasing pressure which might 
come from leakage of blood into the head or the 
failure of blood fluid to leak out of the head or 
from accumulation of unoxygenated blood in the 
brains. 

Dr. Raaf’s principal lesson to me, as Dr. Voris 
has emphasized, is that one must be continuously 
searching for the mechanical answer to progressive 
deterioration rather than the exactness of that, 
more important than the actual three cases which 
he presented. 

Now, I would like to question the terminology 
here. He has used the term “internal hydro- 
cephalus.” In the last case I think he actually 
was dealing with a patient with hematoma 
rather than internal hydrocephalus, and that the 
portal of egress, serving the spinal fluid from the 
ventricles, was obstructed by hematoma. I am 
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equally convinced the first two cases, one in which 
yellow fluid was evacuated from one ventricle and 
clear from the other, represented actual hematomas 
in ventricles which were overlooked and subse- 
quently liquefied; and when he drained the 
ventricle, he evacuated the hematoma, permitting 
subsidence of the edema perhaps. 

I think that I present the argument that in one 
ventricle he had hematoma and the other hydro- 
cephalic fluid. In the last case, in which the 
patient succumbed, the ventricular system was 
obstructed; and as Dr. Raaf said in his paper, if he 
had recognized it early, it might have been by- 
passed with the procedure such as Torkildsen’s 
operation. 

I found the paper by Drs. Jelsma and Moore 
very informative. However, I do not consider the 
likelihood of aerocele or the chance of intercepting 
it to be sufficient to adopt, as a result of this 
recommendation, a routine of further x-ray of a 
patient’s head before departure from the hospital. 

Freperick Reicuert (San Francisco, Calif.): 
Perhaps it would be better to call the condition 
temporary internal hydrocephalus. In the first 
case that Dr. Raaf mentioned he waited eleven 
days before he put in the burr holes. I do not know 
how to handle these cases which are bad, so I make 
burr holes to be sure I do not have any blood 
subdurally and extradurally. Then if I do not have 
that, I shrink the brain down with hypertonic 
solutions; but if I had dehydrated the brain before 
I made the burr holes, I might leave more room 
for blood to accumulate. 

Dr. Raaf, in your last case you drained a ven- 
tricle which kept on draining, and yet the patient 
died. Why did he die? Was there imbalance of the 
electrolytes? One of our patients who seemed to be 
recovering became quite drowsy and had no in- 
creased pressure. The patient was given potassium 
by mouth, woke up and went home. 

Joun Raar (closing): Drs. Jelsma and Moore 
have left little to add on the subject of intracranial 
aeroceles. In addition to aeroceles secondary to 
head trauma we have seen this condition following 
operation for tumor, particularly meningiomas on 
the floor of the frontal fossa. At times the removal 


of such a tumor results in opening into the ethmoid 
cells; and if this occurs, one must certainly carry 
out an adequate dural repair at the time the tumor 
is removed. 

Drs. Jelsma mentioned the use of gelfoam for 
repairing cerebrospinal fluid leaks. It seems to me 
that oxycel gauze might cause more reaction and 
adhesions and therefore be a more effective mate- 
rial. | have never employed oxycel gauze for this 
particular purpose. | make this suggestion because 
on two occasions small bits of oxycel gauze were 
used to stop bleeding in the cerebellar fossa and 
marked adhesions at the outlet of the fourth 
ventricle occurred with resulting hydrocephalus. 
This, of course, was undesirable in those cases; but 
if one wanted to produce adhesions to stop a 
cerebrospinal fluid leak, oxycel might be quite 
effective. 

Dr. Mayfield raised the question whether hydro- 
cephalus in an intraventricular clot was causing 
the intracranial pressure in the first two cases 
reported in my own paper. I| did not have post- 
mortem specimens to examine in the first two 
cases, but from the amount and character of the 
fluid obtained I thought there was hydrocephalus 
which, of course, might have been secondary to 
an intraventricular clot occluding the ventricular 
system. 

Dr. Reichert asked why the last patient died. 
I do not believe it was from electrolyte imbalance 
since this aspect was followed with great care. It 
seems to me the last patient died of progressive 
softening and degeneration of brain tissue possibly 
secondary to traumatic vascular changes in the 
brain. 

FRANKLIN JELSMA (closing): I wish to thank the 
discussers for their comments and Dr. Raaf for his 
suggestion concerning the use of oxycel gauze be- 
cause I think it could be used very well extradurally 
without any chance or likelihood of its producing 
adhesions intradurally. 

I think that Dr. Raaf’s paper has pointed out 
to us and called to our attention, a very important 
type of complication which I believe we have over- 
looked in many instances. I enjoyed the paper 
very much. 
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Recognition and Management of the Triad 
of Injury to the Spleen, Kidney 
and Diaphragm 


Tuomas W. Apams, M.p. AND M. MusseLMan, M.D., Wayne County 
General Hospital, Eloise, Michigan 


vse mneners rupture of the left diaphragm is _ face and neck. Because of the gross hematuria, a 
frequently associated with injury to the laceration of the kidney was suspected. X-ray of 
spleen, left kidney or both. Each organ may be __ the chest revealed multiple rib fractures and hemo- 


1A 1B 
Fic. 1. A, Case 1. Admission x-ray showing elevation of the left diaphragm and hemothorax. B, forty-eight hours 
later the gastric gas bubble is in the left chest and mediastinum has shifted to the right. 


involved alone or in combination with the thorax. (Fig. 1.) Thoracentesis yielded 250 cc. of 


others according to the direction and magni- blood. 
tude of the crushing force. Injury to any one Forty-eight hours later the patient became dysp- 
of the triad demands careful evaluation of the _2¢!¢ and cyanotic. Tracheotomy was done and a 
etn’ te. chest film showed a dilated, fluid-filled viscus 
occupying the left pleural space. (Fig. 1.) A diag- 
CASE REPORTS nosis of traumatic rupture of the left diaphragm 

Case 1. A thirty-five year old man was struck was made. 

by a speeding car. On admission he was comatose Thoracotomy was done through the bed of the 


and in shock. He had a fracture of the left ankle, eighth rib, A dilated, congested stomach filling the 
a gross hematuria and multiple lacerations about the left pleural space was found. (Fig. 2.) The herniated 


452 


4 
| 
é 
3 
“2 
ae 
ae 
Z 
. 


Triad of Injury to the Spleen, Kidney and Diaphragm 


stomach was reduced. A radial tear in the dia- 
phragm was seen extending into the mediastinum. 
No injury of the spleen or left kidney was 
demonstrated. 

In this case there was rupture of the diaphragm 
with only contusion of the kidney. At the time of 
the accident this man sustained a severe mid-brain 
injury. He made a good recovery after operation 
but expired four weeks postoperatively, still coma- 
tose, from the results of severe brain damage. 

Case ut. A forty-six year old woman was ad- 
mitted after an automobile accident. She was 
conscious and complaining of severe pain in her 
left chest and left upper abdomen. Her blood pres- 
sure was 60/o. A catheterized specimen of urine 
was grossly bloody and, as in the previous case, a 
contusion or minor laceration of a kidney was 
thought to be present. X-ray of the chest showed 
subcutaneous emphysema, clouding throughout the 
left chest and shift of the mediastinum to the right. 
A Bucky film taken for rib detail revealed multiple 
rib fractures and clearly showed the gastric gas 


Fic. 2B. Case 1. Drawing demonstrating the relationshi 
to the thoracic viscera. 


bubble to be in the left chest. (Fig. 3.) Rupture of 
the left diaphragm was suspected. An upper gastro- 
intestinal series demonstrated obstruction and dis- 
placement of the lower esophagus to the right. 
(Fig. 4.) This woman also had fractures of a leg 
and forearm. 

At operation she was found to have a tear of the 
diaphragm through which spleen, stomach and 
small bowel had herniated. The spleen was torn 
and bleeding. There was no evidence of injury to 
the left kidney. 
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Fic. 2A. Case 1. Photograph at the time of operation 
showing the dilated, congested stomach filling the left 
pleural space. 


erniated stomach 


ps of h 


This patient had rupture of the left diaphragm 
with herniation of bowel into the chest. There was 
an associated rupture of the spleen and contusion 
to the left kidney. She expired seventeen hours 
postoperatively and was found at autopsy to have 
died from massive fat embolism. 

Case 1. A thirty-seven year old woman was 
admitted following an accident. She complained 
of pain over the left flank and lower thorax. Gross 
hematuria was present and it was thought clinically 
that a large retroperitoneal hematoma was form- 
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Fic. 3. Case 1. Initial Bucky x-ray showing multiple rib fractures, subcutaneous emphysema, elevation of the 


gastric gas bubble and mediastinal shift to the right. 


Fic. 4. Same case. Barium swallow demonstrating obstruction and displacement of the lower esophagus to the 


right. 


ing. X-rays showed a hemothorax with mediastinal 
shift to the right. The left diaphragm was elevated. 
The left psoas shadow was obliterated. An intra- 
venous pyelogram revealed extravasation of dye 
from the left kidney. 

This woman was operated upon for rupture of 
the left kidney. Only upward displacement and 
contusion of the kidney with subcapsular hemor- 
rhage was found. However, there was a large tear 
in the left diaphragm at its costal insertion. 

This case illustrates the importance of examining 
the diaphragm in all cases of splenic or renal injury. 
Lateral ruptures of the diaphragm are uncommon.® 
This patient’s diaphragm was repaired and she 
recovered. 

Casetv. A twenty-five year old white man was 
admitted to Wayne County General Hospital in 
critical condition after his automobile had been 
struck by a train. He was in profound shock at the 
time of admission and had multiple fractures in- 
volving the lumbar spine and pelvis. His abdomen 
was rigid and there was tenderness in the left upper 
quadrant. A presumptive diagnosis of laceration 
of the spleen with intraperitoneal hemorrhage was 
made. 

At operation a lacerated, bleeding spleen was 
found and removed. Exploration revealed a short 
radial tear of the diaphragm lateral to the hiatus. 
The stomach had partially herniated into the left 
chest. The stomach was pulled down from the 


454 


defect, but it was elected not to repair the tear 
because the patient’s condition was critical. 

The postoperative course was stormy. The 
stomach herniated through the diaphragm and 
became distended despite gastric suction. The 
mediastinum shifted to the right and atelectasis 
from compression developed on the left. A chest 
film on the second postoperative day showed the 
gastric gas bubble to lie at the level of the second 
rib. 

A second operation was performed. The original 
tear of the diaphragm was enlarged, the viscera 
reduced, the diaphragm repaired and the lung 
re-expanded. 

In this patient a small diaphragmatic tear was 
found incidental to a lacerated, bleeding spleen. 
This case points out the danger of delaying repair 
of small ruptures of the diaphragm. The patient 
recovered. 

Casev. This twenty-eight year old woman was 
seen following an automobile accident. She was 
comatose, dyspneic, cyanotic and in profound 
shock. There was subcutaneous emphysema over 
the left chest, tracheal and cardiac shift to the 
right and diminished breath sounds. A succussion 
splash was heard in the left chest. After recovery 
from shock, she began to retch and hiccup. She 
complained of severe left flank and chest pain. 
Her urine was bloody. X-ray revealed subcu- 
taneous emphysema, mediastinal shift to the right 
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Fic. 5. Case v. Bucky x-ray showing sharper detail of the abnormalities. 


Fic. 6. Same case. Abdominal flat plate showing the torn diaphragm at the level of the tenth rib posteriorly with 


the stomach herniating through it. 


with atelectasis from compression, and the presence 
of the gastric gas bubble in the left chest. (Fig. 5.) 
Flat plate of the abdomen showed obliteration of 
the left psoas shadow and the stomach herniating 
through a rent in the diaphragm. (Fig. 6.) 

This patient was operated on and found to have 
a long radial tear in the left diaphragm. The spleen 
and left kidney were lacerated and bleeding 
necessitating both a splenectomy and nephrectomy. 

This case exemplifies what Harrington‘ has 
called “‘evisceration of the abdominal organs into 
the chest.” It illustrates the triad of injuries that 
frequently occurs when a severe crushing force 
strikes the left side of the trunk. The diaphragm is 
ruptured by a sudden increase in intra-abdominal 
pressure, the spleen is torn and contused and the 
kidney is crushed between the vertebral bodies and 
the force. The patient died on the eighth post- 
operative day of lower nephron nephrosis. At 
postmortem lower nephron lesions with focal areas 
of cortical necrosis “‘typical of a prolonged period 
of hypotension” were found in the remaining 
kidney. 


We have had five patients with traumatic 
rupture of the diaphragm in the past three 
years. All had rupture of the left diaphragm 
and all had associated injuries of the spleen, 
the left kidney or both. 


COMMENT 


Occurrence. Traumatic rupture of the dia- 
phragm is most common on the left. In twenty- 
eight cases reported by Hughes® rupture oc- 


curred twenty-three times on the left and only 
five times on the right. Ravitch’ states any 
type of herniation through the diaphragm 
occurs twelve times more frequently on the left 
than on the right. Traumatic ruptures on the 
right are rare because of the protection given 
to the right hemidiaphragm by the liver. 

The tear most commonly involves the tendi- 
nous portion. Harrington*® has shown that a 
hernia from indirect injury may occur at any 
point. The most common sites are the dome 
and posterior half of the left diaphragm. 

Rupture of the diaphragm is usually accom- 
panied by multiple injuries.*:" Injury to the 
viscera in the left upper quadrant of the 
abdomen with traumatic rupture of the dia- 
phragm has been mentioned previously in iso- 
lated 

Diagnosis. Injury of the spleen and left 
kidney is frequently associated with traumatic 
rupture of the left diaphragm. Injury to one 
suggests injury to all. 

There are many signs and symptoms of 
traumatic rupture of the diaphragm because 
both the chest and abdomen are involved. 
These have been well described by Carter.? 
However, there were three cardinal findings in 
our patients: (1) All the patients had received 
a crushing blow to the left side of the body as 
evidenced by fractured ribs and contusions and 
abrasions of the skin over the left chest and 


= 
455 
. 


Triad of Injury to the Spleen, Kidney and Diaphragm 


abdomen; (2) all were desperately ill patients 
with profound shock and evidence of injury to 
the spleen or left kidney and (3) all had x-rays 
of the chest or abdomen which suggested rup- 
ture of the diaphragm. The most important 
single radiologic sign was elevation of the 
gastric gas bubble. This sign may be obscured 
by contusion of the lung and hemothorax. 
X-rays must be repeated in all suspected cases 
to avoid missing the diagnosis. 

Special studies such as barium swallow, 
which we have mentioned, aid in the diagnosis. 
However, when the three findings listed are 
present, rupture of the diaphragm should be 
strongly suspected and measures instituted to 
correct It. 

Treatment. When a patient is operated upon 
for injury to any one of the triad, the other 
two must be carefully examined for evidence of 
injury. 

If a diagnosis of traumatic rupture of the 
diaphragm is made before operation, immedi- 
ate operative treatment is mandatory once the 
patient is prepared. In case of a large tear with 
associated injury to spleen or kidney, operation 
is done to control hemorrhage and correct the 
abnormalities of respiration. Procrastination in 
the case of a small tear is hazardous because of 
the danger of intestinal strangulation. 

We prefer the thoracic approach for repair 
of the diaphragm. Splenectomy and _ nephrec- 
tomy are easily accomplished, as necessary, by 
enlarging the rent. The diaphragm itself is 
repaired in two layers with interrupted sutures. 


SUMMARY 


Injury to the spleen and left kidney is com- 
monly associated with traumatic rupture of the 
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left diaphragm. We have come to call this the 
triad of injuries which follows severe crushing 
injuries to the left side of the trunk. Evidence 
of injury to any one of the triad suggests injury 
to the others. The signs of injury to the dia- 
phragm may be late in appearing. Rupture of 
the diaphragm is suggested by three salient 
features: History of a crushing injury to the 
body, a seriously ill patient with evidence of 
injury to the left kidney or spleen and elevation 
of the gastric gas bubble. The diaphragm should 
be repaired as soon as the diagnosis is made. 
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Clinico-pathologic Aspects of Traumatic 
Wet Lung 


_Eart B. SANBorn, M.p., Evanston, [Illinois 


1. condition resulting from trauma 
which increases the morbidity rate and 
can result in a fatality deserves consideration. 
In 1945 Burford and Burbank? introduced such 
an entity and called it the traumatic wet lung. 
As a result of their experience with approxi- 
mately 1,500 patients sustaining thoracic 
trauma during World War u, they concluded 
that the wet lung was the one common denom- 
inator of all significant thoracic trauma. 


CLINICAL PICTURE 


The essential feature of this syndrome is the 
presence, recurrence or persistence of various 
fluid substances, namely, mucus, serum, blood 
and aspirated or purulent material, in the 
tracheobronchial tree. Some of these sub- 
stances are in the alveoli of the lung as well. 
The fluid is not expectorated efficiently because 
coughing is painful and ineffectual. Frequently 
the cough is paroxysmal, wet and rattling in 
character. Dyspnea is usually present, and 
cyanosis may be evident in some cases. The 
patient is frequently apprehensive and _ his 
respirations are grunting in nature and labored. 
There is restricted motion of the involved 
hemithorax or thorax. Rales may be audible 
without the use of a stethescope. If marked 
they may even be palpable. 


ETIOLOGY 


This entity develops because of two groups 
of factors, according to Brewer and his col- 
leagues of the World War 1 period: (1) Forces 
leading to the production of secretions and 
other fluids in abnormal amounts in the res- 
piratory tract. (2) Conditions preventing 
adequate removal of the fluids so produced. In 
regard to the first group the tracheobronchial 
tree responds to trauma with an increase in 
the secretory activity of the mucosa with the 
production of more mucus. The experimental 
work of De Takats® and Daniel and Cate‘ sup- 


ports this thesis. Likewise the parenchyma of 
the lung reacts with the production of transu- 
dates and exudates. The area involved by 
trauma responds with plasma and blood leak- 
ing into the alveoli. Drinker and Warren® 
demonstrated experimentally that obstruction 
of the trachea produced pulmonary transudates 
and exudates containing erythrocytes. Severe 
respiratory movements similarly produced 
such results. Comatose or unconscious patients 
with head injuries or shock retain fluids in the 
tracheobronchial tree because of their failure 
to cough. Prolonged exposure and upper res- 
piratory infections produce increased secretions 
in the respiratory tract. Lack of movement 
because of pain during transport results in the 
retention of fluids in the dependent portions 
of the bronchopulmonary segments. Anoxia 
has been a factor in altering the permeability 
of the capillaries in the lungs with resulting 
leakage of plasma fluid. In the late stages of 
shock, capillary permeability i is also increased 
in the non-traumatized regions of the body; 
blood plasma escapes into the tissue spaces. 
In the case of the lungs, pulmonary edema 
develops. 

Inadequate expulsion of fluids in the tracheo- 
bronchial tree and pulmonary alveoli is caused 
by pain resulting from trauma to the chest wall. 
The normal operation of the cough mechanism 
is impaired because full expansion of the chest 
and forceful contraction of the thorax are 
limited. Similarly abdominal pain resulting 
from wounds, or an injured or handicapped 
diaphragm (due to distended abdominal con- 
tents) produces an ineffectual cough. The so- 
called “flail chest,” resulting from multiple 
fractures of ribs or sternum, produces para- 
doxic movements of the chest wall with limita- 
tion of the coughing effort. Another factor is 
too much medication. Injudicious use of 
narcotics to control pain results in a decreased 
cough reflex. 
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Clinico-pathologic Aspects of Traumatic Wet Lung 


Fic. 1. Section from the lungs of a fifty-two year old mechanic who died within 
four hours after sustaining a crushing injury to the thorax. Rupture of the 


alveolar septa, with an excess of polymorphonuclear leukocytes in the septa, 
as well as serum in the alveoli are present. 


PHYSIOLOGIC EFFECTS 


Some very important physiologic changes 
result from this condition. Obstruction of the 
tracheobronchial system by fluids diminishes 
the supply of oxygen to the alveoli. An anoxic 
type of anoxia results. The diffusion of oxygen 
and carbon dioxide through the alveolar and 
capillary walls is decreased in proportion to the 
amount of filling of the alveoli with fluid. 
Another effect in the early stage of this entity, 
if improperly treated, is the failure of shock to 
respond to the usual resuscitative measures. 
The reason for this is apparently a deficiency of 
assimilated oxygen. Similarly the brain cannot 
tolerate an insufficient supply of oxygen for any 
length of time. Psychoses and coma result if 
the deficit is not corrected early. Later, atelec- 
tasis may develop if the bronchopulmonary 
segment or segments are recurrently or con- 
tinually obstructed. Recurrence of the ob- 
struction may again produce the effects 
previously cited. 


PATHOLOGY 


Histologic examinations reveal several patho- 
logic processes present in the traumatic wet 
lung. Daniel and Cate‘ reported the following 
microscopic findings as a result of their experi- 
ments with dogs: (1) rupture of the alveoli with 
extravasation of blood into them; (2) edema 
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fluid was present in the alveoli and bronchi as 
well as in the dilated extravascular and lym- 
phatic spaces. Similar findings were reported 
in an autopsy protocol of a patient who died 
approximately three hours after sustaining a 
severe injury to the thorax and spine: 


S. S., a fifty-two year old mechanic, was ad- 
mitted to the emergency room of the Presbyterian 
Hospital with severe chest pain. He had been 
crushed between the tail gate of a truck and a 
loading platform while he was working. His vital 
signs on admission were: blood pressure, 90/?; 
pulse, 116 (strong); respirations, 30. He was given 
morphine sulfate (%4 gr.) and oxygen by mask. 
Subsequent intravenous therapy consisted of 
plasma, 5 per cent dextrose in saline (0.8 per cent), 
and blood. His blood pressure, pulse and respira- 
tions improved at first but changed in less than 
two hours, with death resulting in three hours 
after admission. A portable chest roentgenogram 
was taken but this revealed no pulmonary or 
cardiac disorder; there were fractures of the right 
eighth and ninth ribs posteriorly. 

Additional findings at autopsy were as follows: 
left hemothorax (500 cc.), ruptured left internal 
mammary artery, dark red and hemorrhagic areas 
of the lungs, an extensive transverse tear of the 
thoracic aorta adjacent to the ninth and tenth 
thoracic vertebrae, a mediastinal hematoma, a 
compression fracture of the tenth thoracic ver- 
tebrae and several fractures of the sternum. Sig- 
nificant microscopic findings included serum in the 
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alveolar spaces and rupture of the alveolar septa 
with an excess of polymorphonuclear leukocytes in 
the septa. (Fig. 1.) 


Apparently there is an early onset of an 
inflammatory process in not only the involved 
lung but also the tracheobronchial system. 
Bronchopneumonia and tracheobronchitis de- 
velop quickly. This is especially true in in- 
clement weather as during the winter season. 
Excerpts from another autopsy protocol are 
revealing: 


J. A. M., an active eighty-eight year old retired 
business man, entered the Presbyterian Hospital 
thirty-six hours after falling down some basement 
stairs. He complained of pain in the thoracic 
region. Immediately after the accident the right 
side of his chest was strapped with adhesive tape 
and a hypodermic injection was given, with relief 
of pain. The day before admission he remained in 
bed, received oral medication for pain and took 
only liquids orally. 

Examination revealed normal vital signs with a 
blood pressure of 140/80. Significant findings were 
asymmetric chest expansion with a splinting of the 
strapped right thorax, moist rales heard over both 
lung bases posteriorly, and bilateral reducible in- 
guinal hernias. 

Thirty-six hours after admission he could not be 
aroused. His temperature had been 101.6°F. (rectal) 
four hours previously. At that time it was 102.8°F. 
His radial pulse was hardly perceptible but regular. 
Blood pressure was 70/30. Minimal cyanosis was 
present. He responded to caffeine sodium benzoate 
(7.5 gr.) and oxygen therapy. An electrocardiogram 
revealed no evidence of myocardial infarction. 
The blood pressure returned to normal limits. 
However, twenty hours later while being turned 
in bed, he suddenly became cyanotic. Resuscitative 
measures were of no value and he died. Autopsy 
revealed a large right hemothorax (800 cc.), with 
almost complete collapse of the right lung, multiple 
fractures of the right ribs (third through eighth) 
with penetration of the pleura, and broncho- 
pneumonia. Microscopic examination revealed 
some fluid in the alveoli and bronchopneumonia. 
(Fig. 2.) Compression atelectasis was also present 


(Fig. 3.) 


Years ago the clinical diagnosis of traumatic 
pneumonia was made. This could be called an 
end result of the traumatic wet lung. At least 
this was the situation recorded in an autopsy 
protocol of the Rush Medical School dated 
January 12, 1904. A sixty-one year old teamster 
had been treated at the Swedish Covenant 
Hospital because of a fall from a wagon on 


459 


January 5, 1904. Fractures of the right eighth, 
ninth and tenth ribs were sustained. Shortly 
after admission fever developed. On January 
10, 300 cc. of bloody fluid, with a gangrenous 
odor, was withdrawn from the right chest. 
Pertinent anatomic diagnoses included a diffuse 
bilateral mucopurulent bronchitis, localized 
right hemothorax, laceration of the lower lobe 
of the right lung, and apparently a lung abscess 
according to the description given. Another 
autopsy protocol of the same period, dated 
February 4, 1905, revealed lobar pneumonia of 
the entire right lung and left lower lobe. The 
patient, a fifty year old laborer, had been 
treated for fractures of the right sixth, seventh 
and eighth ribs at the Cook County Hospital. 


TREATMENT 


The ideal treatment is preventative. Every 
patient sustaining trauma should have a patent 
airway and tracheobronchial tree, which should 
be maintained. If there is an indication of 
excessive bronchial secretions or rales the pa- 
tient should be forced to cough regularly every 
thirty minutes, or every hour, if it is possible 
for him to do so. Assisting a patient by sup- 
porting the chest during the procedure makes 
him realize the significance of the act. 

If the patient has pain on coughing, as a 
result of injuries sustained, the pain should be 
relieved. Intercostal and paravertebral nerve 
blocks can alleviate most pain from the chest 
wall. Judicious use of demerol® or other nar- 
cotic preparations, or nerve blocks, will relieve 
the pain from other sources. These therapeutic 
measures make strapping of fractured ribs un- 
necessary unless a “flail” chest is present. This 
latter condition may be corrected by strapping 
or the proper use of traction. 

Frequently it is necessary to aspirate secre- 
tions or other fluid from the airway and 
tracheobronchial tree. Patients who are un- 
conscious or comatose as a result of head 
injuries should have a tracheotomy and re- 
peated aspirations before they become cyanotic. 
Another indication for the use of tracheotomy 
in traumatic cases is that of the “flail’’ chest.* 
Some otolaryngologists, who apparently have 
not had much experience with the postopera- 
tive care of thoracic surgical patients, believe 
that a tracheotomy should be done more fre- 
quently than suggested herein. The tracheal 
aspiration technic advocated by Cameron 
Haight requires some experience and may be 
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Fic. 2. Section rs rom the right lung of an cighty-cight year old seve business- 
man who died within four days following an injury to the chest. Serum is pres- 
ent in the alveoli and in the extravascular and lymphatic spaces; bronchopneu- 


monia is also evident. 


Fic. 3. Compression atelectasis of a portion of the right lung due to a large 


right hemothorax (800 cc.). 


ineffectual in the severe types of wet lung. 
Personally bronchoscopy has been effective. 
With trained nursing personnel, who see that 
the patients are coughed regularly, this method 
has been successful. During the procedure 
cyanotic patients are given oxygen through the 
bronchoscope. 

There are several advantages of the broncho- 
scopic procedure: (1) The tracheobronchial tree 
is more effectively cleared of fluid. (2) Direct 
observation of the mucosa of the trachea, main 
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bronchi and orifices of the secondary divisions 
is possible. If tracheobronchitis is present, it 
can be seen and treated accordingly. (3) After 
a patient has experienced one bronchoscopy, 
he will be more conscientious in coughing regu- 
larly in order to avoid a second. However, pa- 
tients who have had the procedure, and subse- 
quently get a pulmonary atelectasis, or have 
difficulty expectorating the fluid contents of 
the tracheobronchial tree, frequently request 
to have another bronchoscopy in order to get 
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relief. (4) During bronchoscopy the patient 
coughs repeatedly, and it is possible to remove 
a considerable amount of fluid from the alveoli 
of the involved pulmonary segment or seg- 
ments. (5) Atelectasis is treated more effec- 
tively because any mucous plugs can be re- 
moved under direct vision. 

Supplementary therapeutic measures that 
have been used include aerosol and parenteral 
penicillin, ammonium chloride as an expecto- 
rant, steam inhalations for tenacious secretions, 
and oxygen via nasal catheter so that the 
patient can be assisted in his coughing. 


SUMMARY 


The clinical picture of the traumatic wet 
lung and its development has been described 
and the physiologic effects of this entity re- 
viewed. Photomicrographs demonstrating some 
of the pathologic changes occurring in patients 
who sustained fatal thoracic trauma have been 
presented. Preventative and therapeutic meas- 
ures in the management of the wet lung are 


stressed, with the value of bronchoscopy re- 
ceiving special emphasis. 
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Newer Methods of Managing Serious 
Injuries to the Chest 


R. Maurer, M.D., Cincinnati, Ohio 


From the Department of Surgery, College of Medicine 
of the University of Cincinnati, Cincinnati, Obio. 
kip various aspects of the management of 

thoracic injuries of the perforating and 
penetrating varieties have been well covered 
in the surgical literature of the past twenty 
years. Little could be offered at this time by a 
review of the various technical methods in- 
volved in the handling of a sucking wound of 
the chest or a stab or gunshot wound of the 
heart. Serious derangements of cardiopulmo- 
nary physiology are sometimes seen in perfo- 
rating and penetrating injuries but they are 
certainly more common and difficult to control 
in crushing injuries of the thorax. Crushing 
injuries are by far the most common ones seen 
in civilian practice and occur frequently in 
association with serious fractures of the large 
bones of the extremities and other injuries in- 
volving the major abdominal viscera. 

Intractable pulmonary edema, persistent 
atelectasis and uncontrollable paradoxic motion 
of the thoracic wall—all common complications 
of crushing chest injuries—have presented 
insurmountable problems in the past. Much 
has been learned recently about special technics 
and drugs which are valuable in controlling 
these complications and, accordingly, situ- 
ations which heretofore were irreversible and 
often fatal have been brought under complete 
control. 

Crushing injuries of the chest even though 
unaccompanied by fractured ribs or sternum 
may result in severe acute pulmonary edema 
or so-called traumatic wet lung. Burford and 
Burbank! during World War 1 demonstrated 
that in all wounds of the chest, even those 
unassociated with fractures of the thoracic 
skeleton, the lung tissue reacts to produce more 
than the normal amount of interstitial and 
intra-alveolar fluid. They demonstrated also 
that in all wounds of the chest the broncho- 
pulmonary tree not only has more fluid to dis- 
charge but also becomes less capable of doing 
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so. It was their opinion that pain was the 
common denominator in the production of this 
unfavorable cycle of events and that this could 
be very promptly and completely controlled 
by intercostal nerve block or by thoracic para- 
vertebral sympathetic nerve injection. By such 
procedures the cough was immediately made 
painless and effective, resulting in good evacu- 
ation of the bronchopulmonary tree with com- 
plete clearing of the areas of edema and 
atelectasis. 

Newell Wood? using the technic of differ- 
ential bronchospirometry has demonstrated 
that individuals with minimal injuries of the 
chest, such as the fracture of a single rib with- 
out evidence of parenchymal or pleural damage, 
demonstrate a marked reduction in oxygen 
absorption on the side of injury. It was his 
conclusion that following even minor injuries 
of the chest wall, some changes occur in the 
flow of blood through the lung which seriously 
cripple it as an organ of respiration. Wood? 
further demonstrated that as a result of severe 
bilateral contusion with painful splinting of the 
intercostal musculature the ventilation of both 
lungs is sharply reduced and the circulation is 
impaired as a result of closure of the vascular 
bed surrounding the poorly ventilated alveoli. 
This results in acute pulmonary hypertension 
and transudation of fluid from the circulation 
into the lung proper. It has been demonstrated 
by Cournand* that pulmonary hypertension 
may be produced even in the normal individual 
by a reduction in the amount of oxygen in the 
alveoli. Drinker‘ further demonstrated that 
pulmonary edema in dogs can be produced by 
anoxia. N. K. Jensen® by differential broncho- 
spirometric studies following the induction of 
pneumothorax has demonstrated that with 
moderate to advanced collapse of a lung there 
is a concomitant reduction in the profusion of 
the alveoli. It is thus apparent that collapse 
of a lung even though incomplete, as a result 
of a traumatic pneumothorax, or a collection of 
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serum or blood within the pleural space, as a 
result of a thoracic injury, will exaggerate the 
already existing difficulties and lead to respira- 
tory embarrassment. From these observations 
it is readily apparent that serious contusion of 
the chest wall without even the fracture of a 
single rib or the interruption of the continuity 
of the covering skin may result in serious if not 
fatal pulmonary edema. If complicated by 
pleural effusion, pneumothorax, hemothorax or 
myocardial contusion, the physiologic derange- 
ment may be so severe that the patient 
promptly expires. 

Loss of the architectural integrity of the 
thorax with the resultant production of para- 
doxic motion of the chest wall is a serious com- 
plication commonly encountered with multiple 
rib fractures, fracture of the sternum or so- 
called flail chest. Normal ventilatory function 
is impossible since the great proportion of the 
air during this type of respiration is simply 
moved to and fro from one lung to the other. 
The anoxia so produced results in pulmonary 
hypertension and edema. It is usually only 
because of the tremendous respiratory reserve 
in the average individual that this type of in- 
jury can be tolerated long enough for him to 
reach the hospital. The reflex splinting of the 
chest wall due to pain and muscle spasm with 
resultant shallow respiration and suppression 
of cough allows for rapid accumulation of 
bronchial secretions. Contusion of the lung 
may occur in association with injuries of this 
severity and be complicated by hemorrhage 
into the tracheobronchial tree. Accumulations 
of such blood clots may result in a creeping 
type of atelectasis with even sudden or unex- 
pected death as a result of drowning. 


TREATMENT 


Minor Crushing Injuries. Patients with 
minor crushing injuries associated with simple 
fractures of ribs in good position and no para- 
doxic motion usually in spite of their painful 
injuries and difficult breathing will be able to 
maintain adequate ventilatory exchange after 
simple adhesive strapping of the chest wall. 
If this does not afford instant relief, then one 
should immediately consider intercostal nerve 
block with novocain to obviate the develop- 
ment of the traumatic wet lung complex. 
Usually these injuries are unassociated with 
such pleural complications as pneumothorax, 
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effusions or hemothorax. There may or may 
not be evidence of mild hemorrhage into the 
lung parenchyma and this is of little conse- 
quence unless there is leakage of the blood 
into the tracheobronchial tree. These patients 
are more comfortable when the head of the bed 
is elevated approximately 45 to 90 degrees. A 
definite program of assisted coughing every 
two hours with an attendant supporting the 
front and back of the injured side of the chest 
should be carried out. If the secretions are 
thick, the administration of an expectorant 
such as saturated solution of potassium iodide 
or ammonium chloride tablets will aid appre- 
ciably in liquefying the secretions and facilitat- 
ing their expectoration. These individuals are 
usually quite rational and alert. Chief concern 
should be directed toward adequate manage- 
ment of the pain by intercostal nerve block 
anesthesia, adhesive strapping or the adminis- 
tration of either demerol® or dromoron® in 
minimal doses. It is in this particular group of 
patients that one should guard very carefully 
against the insidious accumulation of tracheo- 
bronchial secretions particularly if the time- 
honored method of controlling thoracic wall 
pain by the generous use of morphine, codeine 
and barbiturates is indulged in. Morphine un- 
doubtedly raises the pain threshold but also 
definitely reduces the cough reflex. It is not 
at all satisfactory in establishing a painless 
cough mechanism. In a patient who is heavily 
sedated to control his pain, tracheobronchial 
secretions gradually accumulate and the pul- 
monary reserve is markedly reduced. At this 
point a serious degree of anoxia may develop 
with a great deal of restlessness and thrashing 
about and only a minor degree of grayish dis- 
coloration of the mucous membranes or cyano- 
sis. If these symptoms are misinterpreted and 
the nurse or attendant administers a_bar- 
biturate, a drug which further inhibits the 
cough reflex and numbs the respiratory center, 
death may be sudden. I absolutely forbid the 
use of morphine or barbiturates in any of the 
chest surgical problems which I commonly see. 
For traumatic cases we definitely prefer inter- 
costal nerve block with novocain or a careful 
utilization of such drugs as demerol and dromo- 
ron in small doses over longer intervals of time. 
Dromoron is a particularly valuable drug in 
controlling chest pain, either traumatic or 
postoperative in origin, since it does not reduce 
the cough reflex and affords complete relief 
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Fic. 1A. Patient F. R. Admitted with fracture of 
right femur, cerebral concussion and contusion, pos- 
sible ruptured spleen and multiple fractures left pos- 
terior ribs 8, 9, 10, 11 and 12 with pulmonary hemor- 
rhage, edema and progressive atelectasis. Roentgeno- 
gram of chest September 10, 1953. 


from pain for longer intervals of time, up to 
six or eight hours. 

Atelectasis. If despite the above described 
program of treatment the individual accumu- 
lates tracheobronchial secretions with atelec- 
tasis, all attempts should immediately be 
directed toward evacuation of these secretions 
from the tracheobronchial tree. This can be 
accomplished in one of the following manners: 

1. If the thoracic parietes is intact, the chest 
wall pain can be brought under control by 
intercostal nerve block. Simple positioning of 
the patient’s bed with the atelectatic side 
uppermost and the head of the bed down, fol- 
lowed by encouraged coughing while supporting 
the front and back of the injured side, will 
usually completely clean out the tracheo- 
bronchial tree if the accumulation is small in 
amount. The addition of expectorants to the 
regimen sometimes helps appreciably. 

2. If the accumulation of secretions is bi- 
lateral or abundant in quantity, immediate 
bronchoscopic aspiration with the patient 
upright in bed will usually result in complete 
immediate expansion of all portions of lung. 
The introduction of the bronchoscope with the 
patient upright in bed is usually easily accom- 
plished following the administration of a small 
amount of pontocaine spray to the oropharynx. 
No anesthetizing agent should be introduced 
into the trachea as this would obviate the 
return of the cough reflex following evacuation 
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Fic. 1B. Patient F. R. Three days following trache- 
otomy September 10, 1953. Roentgenogram of chest 
September 13, 1953, shows complete clearing of pul- 
monary abnormalities with full expansion and excel- 
lent ventilation all portions of both lungs. 


of the tracheobronchial tree and return of the 
ciliary activity. 

3. In those patients in a state of extremus 
and in whom bronchoscopic aspiration might 
be considered too dangerous, the tracheo- 
bronchial tree usually can be fairly adequately 
cleaned or evacuated by tracheobronchial aspir- 
ation with a catheter passed through the nose 
into the pharynx. As the catheter advances 
through the larynx on inspiration an irritating 
cough develops and usually the patient will 
expectorate the occluding mucoid material, 
which can be removed by suction. 

4. In those individuals who have complete 
absence of the cough reflex as a result of an 
associated traumatic lesion in the brain, imme- 
diate tracheotomy is the procedure of choice. 
After the establishment of a good air-way by 
this new route, tracheobronchial secretions can 
be easily removed by the insertion of a long 
catheter at regular intervals by the attending 
nurse. Oxygen can be administered through 
the tracheotomy tube and generally speaking 
the nursing problem is remarkably simplified. 
(Fig. 1.) 

It should be mentioned that the concept of 
obstruction of the large bronchi by discrete 
essentially solid plugs is rarely found in actual 
practice. Instead the occlusion of small bronchi 
and bronchioles by very viscid almost rubbery 
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secretions is the condition more commonly 
encountered. Atelectasis should be looked upon 
as a very serious complication and treatment 
should be early and vigorous. Death from 
atelectasis should be a very embarrassing ex- 
perience, as it is entirely unnecessary and usu- 
ally responds immediately to the type of treat- 
ment that has just been outlined. Probably one 
of the most common symptoms which is little 
observed or given minor attention and which is 
commonly seen in patients with incipient or 
well established atelectasis is that of profuse 
diaphoresis. If such a symptom appears in an 
individual who is entirely without signs of 
respiratory embarrassment such as air hunger, 
cyanosis, etc., an immediate portable x-ray of 
the chest should be obtained to either verify 
or exclude the possibility of a complicating 
atelectasis. All individuals who have had any 
degree of atelectasis should be covered with a 
prophylactic screen of penicillin therapy for 
at least five to seven days. 

Complications of Loss of Stability of Chest 
Wall. Instability of the thoracic parietes 
usually results from segmental fractures of 
several ribs in a continuous line either unilateral 
or bilateral, or as a result of tearing loose of 
the sternum from its moorings either at the 
costochondral junction or by fracture of the 
anterior margins of the ribs on both sides. This 
may or may not be associated with fractures 
through the body of the sternum. If the frac- 
tures are segmental and limited to one side 
of the thorax, isolated flail chest with paradoxic 
motion may occur. The situation in which 
sternum is made flail by forceful separation 
from its costochondral junctions or multiple 
fractures of the anterior ends of the ribs bi- 
laterally produces serious paradoxic motion of 
the entire sternum. As pointed out in the para- 
graph on physiologic changes these injuries 
may result in a serious degree of ventilatory 
insufficiency with rapid onset of anoxia and 
sudden demise. Coughing is a mechanical im- 
possibility in these instances since the explosive 
force of the bechic mechanism is dissipated in 
the paradoxic motion of the chest wall. Ac- 
cordingly, bronchial secretions are retained, 
pain is severe and the traumatic wet lung 
complex rapidly ensues. 

If multiple rib fractures are extensive either 
unilaterally or bilaterally so that the entire 
chest wall on the involved side has lost its 
stability, it is entirely impossible to stabilize 
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such a situation by adhesive strapping. Para- 
doxic motion in these instances occurs as a 
result of reduction of the intrathoracic pressure 
during inspiration below that of atmospheric 
pressure. The chest wall which lacks bony 
support is compressed by the atmospheric pres- 
sure. During expiration the intrathoracic pres- 
sure rises above atmospheric levels and the 
flail chest wall will be dislocated outward. This 
entire mechanism interfers very markedly with 
the patient’s ability to empty his alveoli of used 
air and literally there is enormous increase in 
the amount of dead air in the lungs. 

If fractures of the sternum or bilateral 
parasternal rib fractures or separation of the 
costochondral junctions have resulted in flail 
sternum with paradoxic motion of the anterior 
chest wall, the application of a traction tong 
in the form of a “towel hook”’ maintained on 
3 or 4 pounds of traction applied over pulleys 
connected to a Bradford frame will usually 
result in immediate control of the abnormal 
motion of the anterior chest. 

In those instances in which there is extensive 
loss of stability of the lateral chest wall with 
paradoxic motion, any emergency measure 
which will maintain the intrathoracic pressure 
above atmospheric level may be lifesaving in 
scope. This can be accomplished either by 
applying a tight fitting face mask and ad- 
ministering positive pressure oxygen, or by 
passing an endotracheal tube and establishing 
a closed pressure system with oxygen directly 
into the trachea. Both of these ‘procedures, 
however, are temporary measures and as soon 
as it is feasible a tracheotomy should be in- 
stituted. The chief advantage of the trache- 
otomy arrangement is that it short-circuits 
the mouth, pharynx and upper tracheal dead 
spaces, and permits easy accessibility to the 
interior of the tracheobronchial tree for aspira- 
tion of retained secretions and the administra- 
tion of oxygen. Also very marked diminution 
in the excursion of the loose segments and 
immediate if not complete relief from pain 
usually follows tracheotomy. There is no doubt 
that the more widespread utilization of trache- 
otomy as a method of controlling serious para- 
doxic motion of the chest wall in crushing 
injuries of the thorax will result in a marked 
reduction of the mortality rate resulting from 
such injuries. 

Traumatic Disorders of the Heart. Trau- 
matic cardiac disease associated with non- 
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penetrating crushing injuries of the thorax has 
been of increasing interest in the past few 
decades. This has followed an ever increasing 
incidence of thoracic trauma and a greater use 
of the electrocardiograph. Myocardial bruising 
may occur in instances of seemingly minor 
chest injury and initially the cardiac difficulty 
may be obscured by other thoracic wall and 
pulmonary complications. Sudden compression 
of the thorax may give rise to a wide variety of 
cardiac disturbances ranging from transient 
benign arrhythmias to ventricular fibrillation, 
heart block and sudden death. Traumatic peri- 
carditis, myocardial contusion, rupture of 
valves, sudden or delayed rupture of chambers, 
aneurysm of the ventricular chambers and even 
traumatic cardiac septal defects have been 
reported as a result of trauma. Occasionally 
individuals who have experienced minor chest 
injuries and demonstrate by electrocardio- 
graphic studies evidence of myocardial con- 
tusion will suddenly expire many hours or days 
after the injury The most common cause of 
death has been ventricular fibrillation. In one 
case report® in which heart block apparently 
was caused by trauma the onset of symptoms 
occurred as late as two years after the original 
injury. For these reasons on any patient who 
has had any serious degree of injury to the 
anterior chest it is always advisable to obtain 
an electrocardiographic examination on admis- 
sion. The classic type of injury producing myo- 
cardial contusion is the so-called “‘steering 
wheel”’ injury. In the management of patients 
with cardiac contusions it is Important that 
the lesion be recognized early so that they can 
be maintained at bedrest during the initial 
interval of recovery, and receive additional 
quantities of oxygen by catheter or tent. 
Mediastinal Emphysema. Mediastinal em- 
physema is a very serious complication that can 
occur in association with crushing injuries of 
the chest and result in a rapid fatality if it 
remains undiagnosed or untreated. The condi- 
tion commonly develops in any situation associ- 
ated with sudden overdistention of the lungs by 
forced expiratory effort against a closed glottis, 
or during intervals of violent straining or physi- 
cal exertion. It is thought that the primary 
source of air in the mediastinum is from a rup- 
tured pulmonary alveolus. The escaping air 
finds its way into the connective tissue septa 
of the lung, along which it travels to the 
periphery and may form subpleural emphy- 
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sematous blebs. If the bleb ruptures, a pneu- 
mothorax may ensue. The air on the other 
hand may dissect its way to the hilum of the 
lung and then into the mediastinum to produce 
mediastinal emphysema. Air that is trapped 
in the mediastinum may remain there and be 
gradually absorbed. Or if it continues to 
accumulate, it may very rapidly create suffi- 
cient pressure to result in rapid exodus. Before 
death occurs there may be several channels of 
release such as through the thin parietal 
mediastinal pleura into the free pleural cavity 
again producing a pneumothorax, or the air 
may be discharged through the fascial planes 
of the neck into the subcutaneous tissues of 
the head, neck, chest, abdomen, back and 
upper extremities, or through the diaphrag- 
matic openings of the aorta and esophagus into 
the retroperitoneal tissues even dissecting its 
way outward at times through the inguinale 
rings to the scrotum and perirectal tissues and 
thighs. 

Although mediastinal emphysema in most 
instances subsides spontaneously with bedrest, 
if the pressure becomes alarmingly increased as 
manifested by such symptoms as cyanosis, 
dyspnea, weak pulse, and gradual fall in blood 
pressure and widely disseminating subcutane- 
ous emphysema, it will require immediate 
heroic emergency measures such as an incision 
in the supersternal notch and finger dissection 
into the superior anterior mediastinum to 
permit the release of the air. Following such an 
incision there is usually a loud “hiss” as the 
air is released under pressure. It is my practice 
to place a small wick of sterile rubber or gutta- 
percha into the incision to maintain it in an 
open position and allow for additional escape 
of the air as it accumulates. Mediastinal em- 
physema is quite often insidious in onset and 
may result in sudden unexplained death unless 
the physician is aware that such a condition 
exists and can institute treatment early. The 
conventional postero-anterior projection roent- 
genogram of the chest may fail to disclose any 
mediastinal emphysema even in those cases 
presenting the classic Hamman sign. The 
Hamman sign involves the demonstration by 
auscultation of crunching sounds over the 
anterior mediastinum synchronous with the 
systolic and diastolic beats of the heart. A 
lateral projection roentgenogram of the chest, 
however, in these situations will invariably 
demonstrate a band of increased radiolucency 
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either anterior or posterior to the heart, or both, 
resulting from the accumulation of air in the 
mediastinum. (Fig. 2.) 

Pulmonary Edema. In the past pulmonary 
edema has remained difficult to manage, some- 
times irreversible complication in derange- 
ments of the pulmonary physiology. Factors 
which commonly produce pulmonary edema 
such as increased pulmonary hypertension, 
increased premeability of the vessels with 
decreased osmotic pressure are commonly seen 
in crushing injuries of the chest. Several excel- 
lent drugs are available for the management of 
this complication but it should be pointed out 
that in some instances one drug may be very 
valuable but contraindicated in another situa- 
tion. For example, intravenous strophanthin 
may cause ectopic rhythms if given to an 
individual with coronary occlusion suffering 
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Injuries to Chest 


Fic. 2. Patient M. V., female, age nine years. A, crush- 
ing injury to chest, cyanosis, dyspnea and shock. Con- 
ventional postero-anterior roentgenogram of chest 
May 24, 1950, shows 1o per cent pneumothorax right, 
extensive subcutaneous emphysema neck, no fractured 
ribs and no air in mediastinum. B, lateral projection 
roentgenogram of chest same day May 24, 1950, 
demonstrates air beneath sternum anterior to heart, a 
finding not apparent on postero-anterior projection. C, 
postero-anterior projection June 6, 1950, two weeks 
following anterior mediastinotomy and complete 
recovery. 


from pulmonary edema. Venesection spinal 
anesthesia, mercurial diuretics and even mor- 
phine may further reduce venous return and 
cardiac output during some shock states. Posi- 
tive pressure oxygen administered through a 
mask or endotracheal tube is a commonly 
accepted excellent method of controlling pul- 
monary edema but may be harmful in the 
presence of surgical shock or pulmonary em- 
physema. Morphine, barbiturates and chloral 
hydrate, all of which are useful drugs in cardiac 
patients, may exert a depressing effect on the 
central nervous system when employed in 
individuals who have concomitant central 
nervous system injuries. Because of these 
variables and the new knowledge that in the 
critical phase of pulmonary edema even large 
quantities of fluid can be tolerated in the res- 
piratory passages as long as no foam is formed, 
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Fic. 3A. Patient J. C., male, age five. Admitted 
August 2, 1953, with tension pneumothorax, frac- 
tured ribs 4 through 8 left, and ribs 4 through 9 and 
11 on right. Patient cyanotic, markedly dyspneic, 
shocked and constantly expectorating blood which 
clotted in the tracheobronchial tree. Bilateral para- 
doxic motion chest wall. 
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Fic. 3. Patient J.C. B, roentgenogram August 3, 1953, day following closed tube thoracostomy drainage right 
tension pneumothorax and tracheotomy with aspiration blood clots and control of paradoxic motion thoracic 
wall. C, Roentgenogram August 7, 1953, five days after admission. Intercostal and tracheotomy tubes removed. 
Chest stable and patient without pulmonary symptoms. 


Reich, Rosenberg and Metz’ have been carry- 
ing out investigations with anti-foaming agents 
commonly employed in industry. These in- 
vestigators, after extensive clinical experi- 
mentation, have concluded that the adminis- 
tration of 2-ethylhexanol also known as octyl 
alcohol or octanol administered by nebulization 
through a closed system utilizing a B.L.B. 
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mask, with interposed humidifier bottle, to 
patients suffering from severe pulmonary 
edema regardless of etiology will in most 
instances result in rapid clearing of this serious 
complication. The authors have demonstrated 
that octanol, which is a colorless liquid with a 
not unpleasant odor, is a non-toxic, volatile, 
inexpensive and readily available preparation. 

Rupture of Lung. Contusion or rupture of 
the lung is not infrequent in compression 
injuries of the chest, and when mild, usually 
results in hemorrhage into the lung parenchyma 
with pulmonary edema. The patient may ex- 
pectorate blood-tinged sputum and experience 
mild discomfort over the entire injured side, 
but convalescence is uneventful with rapid 
clearing of the hemorrhage within a few days. 
If bleeding into the lung parenchyma is severe 
with spill-over into the tracheobronchial tree, 
clotting may occur resulting in obstruction. In 
such instances bronchoscopic or catheter aspira- 
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tion of the tracheobronchial tree may be 
necessary. In those instances in which hemor- 
rhage continues into the tracheobronchial tree 
and is difficult to control by single aspiration, 
tracheotomy may be necessary. (Fig. 3.) In 
several instances I have employed intravenous 
pituitrin, 44 to 1 cc. of the surgical or ob- 
stetric preparation in 10 cc. of normal saline 
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solution given slowly intravenously. This drug 
results in reduction of the pulmonary vascular 
pressure without affecting the systemic blood 
pressure level. 

It is not uncommon to see extensive sub- 
cutaneous emphysema following compression 
injuries of the chest without evidence of pneu- 
mothorax, fractured ribs or other abnormality. 
Such a condition results from sudden rupture 
of the lung by compression of the chest in an 
individual who may have pleural symphysis 
resulting i in obliteration of the pleural space. 
There is usually a concomitant rupture of the 
intercostal musculature allowing for a direct 
discharge of the air from the ruptured lung into 
the soft tissue planes of the chest wall. Con- 
valescence in these instances is usually unevent- 
ful and rapid. If the subcutaneous emphysema 
continues in an alarming degree, multiple in- 
cisions in the skin of the chest wall or aspiration 
of the air with ordinary syringe and needle will 
usually give relief. 

Traumatic Rupture of the Broncbus. The 
indications for immediate open thoracotomy in 
serious injuries of the chest are surprisingly 
few. These include such lesions as (1) bleeding 
from major vessels which cannot be controlled, 
(2) cardiac tamponade, (3) thoraco-abdominal 
wounds and (4) traumatic rupture of the 
bronchus. 

Traumatic rupture of the bronchus is a rare 
lesion and is clinically difficult to recognize be- 
cause the patient usually is in such a serious 
condition that adequate studies for its diagnosis 
can not be made. Rupture of the bronchus 
usually follows severe compression or crushing 
injuries of the chest and may or may not be 
associated with fractures of the ribs, hemopty- 
sis, tension pneumothorax,. hemothorax or sub- 
cutaneous emphysema. Shock is usually pro- 
found. Death may be prompt if one of the 
large vessels in the hilum is torn at the same 
time or may occur slowly if a small vessel is 
torn or a tension pneumothorax develops and 
goes unrecognized. Patients who recover spon- 
taneously usually do so after a very stormy 
convalescence and eventually are usually found 
to have an atelectatic or functionless lung on 
the affected side as a result of a complicating 
bronchial stricture. 

The exact mechanism by which this lesion 
occurs is not always quite clear but it is the 
general impression that a severe shearing force 
has usually been applied to the bronchus 
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bringing about its rupture. Tears are most 
commonly seen in the main stem bronchi at or 
within a few centimeters of their point of origin 
from the trachea. 

In the immediate management of patients 
with rupture of the bronchus administration of 
oxygen to correct anoxemia, the administration 
of blood and parenteral fluid to control shock 
from hemorrhage and the removal of air from 
the tension pneumothorax side by closed tube 
thoracostomy with water-seal drainage, and 
incision in the supersternal notch to relieve 
tension from mediastinal emphysema are all 
emergency treatments which may be successful 
in saving the patient for a later, more direct, 
surgical approach. (Fig. 4.) 

When the patient’s condition will permit, 
early bronchoscopic examination should be per- 
formed as it is usually only by this method of 
investigation that the correct diagnosis can be 
made and the indications for further treatment 
established. Care must be exercised during the 
bronchoscopic manipulation so that the tear is 
not enlarged and bleeding does not recur. If 
the diagnosis is established and the patient’s 
condition will permit, open thoracotomy with 
repair of the bronchus should be established, 
utilizing endotracheal anesthesia. If the major 
vessels are torn, pneumonectomy or lobectomy 
may be necessary. 

In the future management of an individual 
who has survived transpleural repair of a tear 
of the bronchus the development of a bronchial 
stricture with atelectasis may require dilata- 
tion through the bronchoscope or actually 
surgical excision of the portion of lung distal 
to the stricture. 

Pleural Complications. Traumatic pneumo- 
thorax is very simply treated by immediate 
closed tube thoracostomy by the insertion of a 
No. 18-22 red rubber catheter through an inter- 
space into the pleural cavity. The catheter is 
firmly attached to the chest wall by a single 
suture of silk and connected to under water 
seal apparatus. Through this arrangement air 
and fluid can be discharged under pressure and 
the pleural cavity evacuated. In those instances 
when one is dealing with accumulation of both 
fluid and air, it is common practice to insert an 
intercostal tube anteriorly in a high position to 
evacuate the air and a second intercostal tube 
posteriorly low in the chest to evacuate the 
accumulating fluid. In some instances in which 
there is a rapid escape of air into the pleural 
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Fic. 4. 


Patient W. C., male, age forty-eight. A, admitted March 16, 1953, following automobile accident with 


fractured ribs 7, 8, 9 on right, subcutaneous emphysema and extensive hemorrhage and edema throughout 
both lungs. B, roentgenogram of chest March 16, 1953, six hours after admission. Patient very cyanotic, exten- 
sive subcutaneous emphysema under tension over entire body with tension pneumothorax left and incipient 
pneumothorax right. Traumatic rupture of bronchus suspected. 


Fic. 4C. Saiies W.C. Chest roentgenogram aid 19, 1953, = alee! insertion of bilateral intercostal catheter with 
profound suction continuously evacuating large quantities of air. Both lungs expanded and patient improved. 
Leakage stopped forty-eight hours later. Died suddenly seventh hospital day in delirium tremens and recurrent 
tension pneumothorax. Postmortem examination showed small tear left bronchus near trachea which had prob- 
ably sealed off but re-opened during delirium tremens attack. 


cavity, it may be necessary to apply high 
degrees of suction to the drainage bottle. This 
facilitates early re-expansion of the lung to the 
chest wall with closure of the air leak by pleural 
symphysis. I will not enter into a discussion of 
hemothorax, except to say that early evacu- 
ation by thoracentesis before clotting occurs is 
the best method of preventing a massive organ- 
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izing hemothorax. Such treatment will obviate 
later major or tedious procedures such as 
surgical decortication or enzymatic débride- 
ment of the pleural surfaces. 

It should be pointed out that even in minor © 
compression injuries of the chest, unassociated 
with fractures of the thoracic skeleton, routine 
roentgenographic examination three to five 
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days after the injury may very well show a 
gradual accumulation of blood or effusion fluid 
on the injured side. It is common knowledge 
that blood is a serious irritant to the pleural 
membranes and even as small a quantity as 
10 cc. can produce 500 cc. of effusion fluid as a 
result of irritation. For this reason it is sug- 
gested that before any patient is discharged 
from the hospital even after minor injuries of 
the thorax, roentgenographic survey by the 
fifth day should be instituted to determine the 
presence or absence of a complicating effusion. 

Traumatic Asphvxia. Traumatic asphyxia 
is a condition manifested by a bluish violet, 
cyanotic discoloration of the skin of the face 
and neck with subjunctival hemorrhages and is 
commonly observed in individuals suffering 
severe crushing injuries to the thorax or upper 
abdomen or both. The investigations by animal 
experimentation and clinical experiments by 
Reichert and Martin’ have rather satisfactorily 
demonstrated that the anatomic distribution 
of the discoloration is due to an acute com- 
pression of the thorax sustained over a period 
of two to five minutes, producing an occlusion 
of the superior vena cava, with a very sharp 
and sustained increase in the venous pressure 
sufficient to reverse the flow of blood in the 
superior vena cava from below upward to the 
periphery in the head and neck. Since there are 
no valves in the innominate or jugular veins 
the blood is forcibly ejected into these struc- 
tures with stasis in the temporarily paralyzed 
capillaries in the face and neck. In the absence 
of chromatic changes in the skin and tissues of 
the face and neck it would appear that the 
discoloration is due to a venous stasis rather 
than to extravasation of blood into the tissues. 
It is generally believed that if the patient sur- 
vives the initial shock, recovery after the first 
few days occurs rapidly. 

Multiple Injuries. From the foregoing dis- 
cussion it should be obvious that in those pa- 
tients who have a combination of major bone 
fractures, abdominal injuries or cerebral trauma 
in association with even what appears to be a 
minor crushing injury of the chest a major 
degree of attention should be focused upon the 
pulmonary apparatus. A common error is the 
early treatment of an obvious abnormality such 
as a fractured femur, with little regard for a 
painful chest that may result in creeping 
atelectasis, anoxia and even death. The mainte- 
nance of an adequate airway is always manda- 
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tory. Serious considerations should be given to 
the choice and method of administration of an 
anesthetic agent when surgery is contemplated 
in the setting of a fracture or intra-abdominal 
procedures in the presence of crushing injuries 
of the chest. A thoracic surgical consultant in 
these instances may be of invaluable help. 


SUMMARY 


1. Newer methods of managing serious chest 
injuries and their complications have been 
presented. 

2. During the past decade procedures, drugs 
and new technics have been developed for pre- 
venting or controlling complications of thoracic 
injuries which heretofore were irreversible or 
uniformly fatal. 

3. Early recognition and immediate appro- 
priate treatment of crushed chest injuries seen 
in association with concomitant traumatic 
lesions of the body skeleton, abdominal and 
cerebral viscera will in many instances avoid a 
sudden unexplained demise that could result 
from the thoracic injury alone, even though 
minor. These associated thoracic injuries in 
many instances go undetected until serious 
physiologic imbalance intervenes and treat- 
ment of necessity must become heroic. 
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DISCUSSION OF PAPERS BY DRS. ADAMS AND 
MUSSELMAN, SANBORN AND MAURER 


H. Cassesaum (New York, N. Y.): We 
have heard a few words about Dr. Cameron 
Haight’s contribution of the intratracheal catheter 
which is really an effective aid forjthose who 
cannot use bronchoscopy. It is often‘just as effective 
for aspiration of the trachea. However, its effect 
does depend to a large extent on the cough reflex 
because simply inserting the catheter either into 
the right main bronchus or left main bronchus 
does not always clear the lung of fluid and mucus 
if the patient does not cough at the same time. 

There are two dangers in its use. One of them is 
the possibility of inducing the patient to vomit. 
He may then aspirate vomitus which one might 
not be able to aspirate. The other danger is use of 
the catheter too enthusiastically, leaving it down 
too long. The patient is unable to breathe during 
that time and cardiac arrest may supervene, not 
from any reflex, but from an actual period of 
anoxia. 

I think the use of tracheotomy is very good. It 
puts this same power of tracheal aspiration into 
the hands of a nurse. However, I am not impressed 
with its value in reduction of tracheal dead space. 
Of course, it does reduce the dead space but the 
practical importance of that, I do not believe, is 
very great. 

Eart B. SAnsBorn (closing): The efficacy of 
bronchoscopy in the management of patients with 
the traumatic wet lung syndrome is well illustrated 
by the following cases. The first is that of a thirty- 
seven year old veteran who sustained a severe 
contusion of the left anterior chest wall by a fall 
on some ice. An oblique chest x-ray taken forty- 
eight hours later showed a pathologic condition in 
the left lower lobe. Clinically this was accompanied 
by dullness and markedly diminished breath 
sounds over the left lower lobe posteriorly, and a 
leukocytosis of 27,200. Bronchoscopy was per- 
formed and a copious amount of tracheobronchial 
secretions were removed. Immediately afterward 
another x-ray was taken which showed significant 
clearing of the left lower lobe. Although a regimen 
to keep the secretions expectorated was initiated 
and the patient’s cooperation was excellent, two 
days later a chill and elevation of temperature to 
101°F, occurred. Postero-anterior and left lateral 
chest x-rays were then taken which demonstrated 
pathologic conditions not only in the left lower 
lobe but also in the right lower lobe. Large amounts 
of tenacious mucopurulent secretions were removed 
from the tracheobronchial tree via the broncho- 
scope. Marked clearing of both lower lung fields 
as a result of the endoscopic procedure was demon- 


strated on further x-ray study. There were no other 
difficulties encountered during hospitalization ex- 
cept a rather severe reaction to penicillin. 

It is not necessary to sustain trauma only to the 
thorax in order to have the entity of the traumatic 
wet lung develop. I encountered this same condi- 
tion in a thirty-six year old veteran who had 
multiple fractures of the pelvis and the transverse 
processes of three lumbar vertebrae as a result of 
riding in an automobile which struck a tree after 
going down a 20 foot embankment. He was unable 
to cough and expectorate secretions from his 
tracheobronchial tree without pain, during the 
effort, in the area of his fractures. 

Ermer R. Maurer (closing): I would like to 
make a few comments about the paper of Dr. 
Adams which I enjoyed very much. | would like to 
point out that when a fluid level is encountered in 
the left side of the chest, one should always be 
quite careful about performing a thoracentesis and 
aspirating the stomach. This is done more often 
than one thinks. 

When one explores the left diaphragm through 
the abdomen, particular care should be exercised 
in closing the diaphragm. | think it would be ad- 
visable to x-ray the chest after every abdominal 
exploration involving the diaphragm. I say this 
because it is possible actually to have a sucking 
pneumothorax through the diaphragm while the 
abdomen is open and then have the individual in a 
state of anoxemia postoperatively. The explanation 
may not be too obvious until one obtains an x-ray 
of the chest which demonstrates the air in the 
pleural cavity. 

I would like to point out also that the mere 
roentgenographic finding of elevation of the gastric 
bubble is not always conclusive evidence that one 
is dealing with herniation. We have seen indi- 
viduals who have had so-called congenital eventra- 
tion of the diaphragm and have had the misfortune 
of being in some sort of traumatic episode. I would 
like to point out also that in traumatic interruption 
of the phrenic nerve with eventration of the 
diaphragm and high gastric bubble, a condition 
simulating diaphragmatic hernia may be en- 
countered. I agree that the thoracic approach is the 
most desirable because it permits easier accessi- 
bility to both the thoracic and abdominal viscera. 

A few words about the observations of Dr. 
Cassebaum. Personally I would like to offer one 
suggestion. When one uses the tracheal catheter, 
I think it should be emphasized that one does not 
have constant suction going on in the catheter 
when it is introduced into the nose. Another little 
practical consideration is the use of a small 
catheter without cutting the tip off so it is not too 
sharp and does not traumatize the delicate nasal 
mucosa. It should be well lubricated. I cut a small 
hole on the side of the suction tube. By making 
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pressure with the finger on the small opening, one 
can either make or break the suction. 

I think it is very true that bronchoscopic aspira- 
tion is certainly the desirable method of aspirating 
the tracheobronchial tree. I always use this method 
if I have a choice. 

“In the observations that have just been made 
by Dr. Cassebaum, the cough reflex disappears as 


secretions accumulate and this, of course, is the 
result of paralysis of ciliary activity. 

Contrary to the general conception, there are 
usually no mucous plugs as such, but rather thick 
viscid accumulations. Even while the broncho- 
scopic examination is going on and the aspirator 
is inserted, the patient for the first time will begin 
to cough as the cough reflex does return. 
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REPORTS ON TETANUS, 


GAS GANGRENE AND RELATED BACTERIA 


Tetanus—Present Status of Prophylaxis 
and ‘Therapy 


Oscar P. Hampton, Jr., M.p., St. Louis, Missouri 


From the Department of Surgery, Washington University 
School of Medicine, St. Louis, Mo. 


ies portion of the report of this Committee 
is submitted in four parts as follows: (1) 
Present status of tetanus in the United States; 
(2) present status of prophylaxis of tetanus; 
(3) questions concerning tetanus prophylaxis 
in need of investigation and proof and (4) 
therapy of tetanus. 


PRESENT STATUS OF TETANUS IN THE 
UNITED STATES 


Tetanus has been said to be a dying disease 
in the United States probably because of the 
large urban developments where horses and 
other farm animals have become a rarity. It 
may be a dying disease but it is not dead. The 
National Office of Vital Statistics in the Federal 
Security Agency shows an average yearly re- 
ported incidence of tetanus of 546 between 1947 
through 1951, even though the disease is not 
reportable in Pennsylvania, New Hampshire, 
North Carolina and, of all places, Texas. 
Even in those states where the disease is 
reportable, it seems reasonable to assume that 
the incidence is higher than that reported both 
because in some instances it probably goes un- 
recognized and, in others, its development is 
not reported because prophylactic antitoxin 
had been omitted and the occurrence of the 
disease was not reported in order to avoid 
criticism. 

Tetanus carries a high mortality. The Na- 
tional Office of Vital Statistics reports for 
example a mortality for 1950 of 336 or .2 per 
100,000 population. The relative importance 
of tetanus as a cause of death in the United 
States is thrown into relief when it is noted 
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that for the same year there were only 410 
deaths from diphtheria or .2 per 100,000 popu- 
lation. In that year there was only one death 
from smallpox and only ninety-six deaths from 
typhoid fever. The over-all mortality of 
tetanus is 45 to 50 per cent. 

Tetanus develops when its spores are im- 
planted in dead tissue which provides the 
necessary anerobic conditions. Some _ tissue 
necrosis is essential but calcium and iron salts 
which are always present in dirt produce 
sufficient tissue necrosis to favor rapid multi- 
plication of tetanus organisms. Puncture and 
deep lacerated wounds produced by dirty 
objects, therefore, offer ideal conditions for 
the development of tetanus. Wounds of the 
hands and feet are particularly susceptible to 
this complication. In some instances, however, 
the wound of entry cannot be found. This was 
true in 20 per cent of the cases in the St. Louis 
Children’s Hospital series to be discussed under 
therapy. 

The incubation period of tetanus varies. 
About one-third of the cases develop within the 
first week, about one-half within the second 
week and the remainder have an incubation 
period longer than two weeks following the 
injury. It is highly significant that in prac- 
tically all of the carefully studied series of 
cases, the shorter the incubation period, the 
higher the mortality rate. 


PRESENT STATUS OF PROPHYLAXIS OF TETANUS 


Tetanus is a preventable or almost pre- 
ventable disease. The essentials of prophylaxis 
include adequate wound débridement, open 
wound drainage in doubtful instances and 
active or passive immunization. The impor- 
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tance of thorough débridement and the omis- 
sion of wound suture cannot be overlooked. 
Even so, serologic protection is essential. 

The keystone of protection is active im- 
munization with tetanus toxoid. When the 
routine of active immunization to be described 
is followed, tetanus will rarely occur. In the 
unimmunized at our present state of knowledge, 
passive immunization must be used. It must 
be clearly understood, however, that tetanus 
can and does occur in spite of prophylactic 
tetanus antitoxin. It is significant, however, 
that the disease developing even though pas- 
sive immunization has been provided usually 
has a longer incubation period and carries a 
low mortality. 

Passive Immunization with Tetanus Anti- 
toxin. The usual dose of 1,500 American 
Units, which is equivalent to 3,000 Inter- 
national Units, usually is of value as a prophy- 
lactic agent. Proof of this is offered by data 
obtained from the experience of the British 
in World War 1. Before prophylactic tetanus 
antitoxin was available, the incidence of 
tetanus was 8 per 1,000 wounded. After this 
dose was used prophylactically, the incidence 
of tetanus fell to 1 per 1,000 wounded. Defi- 
nitely, however, a larger dose, for example 5,000 
to 10,000 units, offers greater protection and 
should be employed in civilian surgery when 
there is obvious contamination in a deep wound 
with material which is most likely to contain 
tetanus spores. Except that the administration 
of the larger dose requires the administration 
of more horse serum with its inherent dangers, 
there can be no objection to the use of the 
increased dosage for prophylaxis and it is used 
routinely in some clinics. 

Prophylactic tetanus antitoxin in the usual 
dosage of 1,500 units should not be expected to 
protect for longer than seven days. In some 
individuals there may be a protective level for 
a longer period but this would seldom extend 
past fourteen days. When larger doses are em- 
ployed, there is some evidence that the period 
of protection is extended; and Cooke offers 
evidence that when doses such as 100,000 units 
are used, there is a protective level of antitoxin 
in the blood for as long as fifty to sixty days. 
With 10,000 units, Cooke found that a protec- 
tive level of antitoxin persists for several weeks 
in many but not all instances and, therefore, 
it is not reasonable to expect protection more 
than seven to fourteen days. 


Prophylaxis and Therapy of Tetanus 
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Passive immunization involves several other 
considerations. If an unhealed wound still re- 
tains dead tissue, the prophylactic dose should 
be repeated every seven days for reasons 
already presented. Moreover, if a wound 
likely to have previously contained tetanus 
spores is soundly healed and additional sur- 
gery is to be performed in that region or even 
the part manipulated without incision, tetanus 
may develop and additional tetanus antitoxin 
prophylactically is indicated. If feasible, sec- 
ondary surgery in healed wounds potentially 
infected with tetanus should be postponed until 
the patient has been actively immunized. It is 
important to remember that once a patient has 
been given tetanus antitoxin prophylactically, 
the same degree of protection will not be ob- 
tained when it is administered again on a new 
indication as each succeeding dose becomes 
less effective. Moreover, the degree of protec- 
tion is markedly limited in those individuals 
sensitive to horse serum. This creates a com- 
plex problem as a more massive dose of anti- 
toxin Is necessary to protect such individuals 
from tetanus but with it the risk of anaphylaxis 
is increased, 

The actual danger of anaphylactic reaction 
when prophylactic tetanus antitoxin is ad- 
ministered cannot be answered on the basis of 
accumulated data. Regardless of this lack of 
data, deaths are known to have occurred from 
the administration of this serum. In one univer- 
sity center there were three deaths on this 
basis within one year. Certainly, many men 
have seen non-fatal if not fatal anaphylactic 
reactions following the administration of tet- 
anus antitoxin to say nothing of the many 
instances of aggravating and disconcerting 
serum sickness. In 1924 Lamson collected a 
series of forty-one cases of sudden death from 
serum injections but not all of these were from 
tetanus antitoxin. Some investigators have 
stated that the danger of anaphylactic reaction 
is no more than 1 in 50,000 administrations. 
Others believe it is in the range of .5 per cent. 
The danger of serum sickness is higher. 

Tetanus antitoxin should not be adminis- 
tered until tests for sensitivity have been 
made. These should not be performed with the 
full strength serum. Rather it should be diluted 
1 to 10 and a skin test performed. A positive 
skin test indicates the ophthalmic test. If both 
are positive, the danger of anaphylaxis is great 
and it appears preferable to omit the serum 
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unless the indication is absolute. In the pres- 
ence of a positive skin test only or if the indica- 
tion is considered absolute when both the skin 
and ophthalmic tests are positive, the prophy- 
lactic dose of antitoxin should be administered 
in small broken doses with measures at hand 
with which to combat an anaphylactic reaction. 
Epinephrine given prior to the injection of the 
serum tends to prevent or reduce the intensity 
of anaphylactic reaction. ACTH, however, is 
undoubtedly the agent of choice in minimizing 
the hazard of anaphylaxis. In animals, atropine 
has a strong protective action against anaphy- 
laxis but its value in the human is not estab- 
lished. It is again pointed out that in a sensitive 
individual, the antitoxin is rapidly destroyed 
and the degree of protection obtained from it 
is minimal. 

Active Immunization with Tetanus Toxoid. 
The effectiveness of active immunization with 
tetanus toxoid was irrefutably established 
during World War u when the disease was 
almost prevented in the British and American 
Armed Forces. There were only thirty cases of 
tetanus in Allied personnel who had received 
the prescribed course of immunizing injections. 
In the United States Army twelve cases oc- 
curred of which only six had had the basic im- 
munizing series. Of these six, only four had the 
routine booster injection at the time of injury. 

During World War 11 the British and United 
States Armies used fluid toxoid and the United 
States Navy used alum-precipitated toxoid. 
Although basic immunization with fluid toxoid 
was certainly highly effective, as shown by the 
World War 11 experience, alum-precipitated 
toxoid is now considered the preferable mate- 
rial for basic immunization and, at this time, 
all of the United States Armed Services employ 
alum-precipitated toxoid. 

The basic series in the Armed Forces consists 
of three intramuscular injections although the 
third is actually a booster dose given routinely 
one year after the immunization is initiated. 
The second dose is administered one to two 
months after the first. In the event of injury 
during the ten- or eleven-month period after 
the receipt of the second dose of toxoid, the 
third dose is given immediately. A similar 
regimen with alum-precipitated toxoid is 
applicable for general use in adults in civilian 
practice. Routine booster injections every two 
to four years may not be necessary but they 
are most likely to maintain a protective level 
of antitoxin and, therefore, provide a safeguard 
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against unsuspected inoculations with tetanus 
spores. In children, of course, routine active 
immunization with alum-precipitated toxoid 
combined with diphtheria toxoid and_ per- 
tussis vaccine is also recommended. 

Even though alum-precipitated toxoid is 
preferable for basic immunization and routine 
booster injections, the fluid toxoid is probably 
preferable as a booster at the time of an injury. 
Fluid toxoid is absorbed much faster than 
alum-precipitated and, at least theoretically, 
should provide a more rapid response in the 
previously immunized. The choice of fluid 
toxoid for the booster becomes important when 
the problem of immunization during the first 
week after injury is considered. 

Even though both the British and American 
Army personnel were immunized with tetanus 
toxoid during World War u, a fundamental 
difference in concept and practice existed in 
the two armies when a soldier was wounded. 
In the American Army, as is well known, a 
booster of toxoid was given and certainly this 
routine was highly effective since there were 
only four cases of tetanus in soldiers who had 
received the basic immunizing series and the 
booster when injured. 

In the British Army, however, the wounded 
man was not given a stimulating dose of 
tetanus toxoid but rather was given 3,000 
International Units (1,500 American units) of 
tetanus antitoxin under the concept that a 
booster dose of toxoid would not give a suffi- 
ciently rapid rise in antitoxin to protect the 
individual during the first week when, as 
outlined in the first part of this report, prophy- 
lactic tetanus antitoxin offers its greatest 
protection. The British did not repeat the 
prophylactic antitoxin at the end of seven days, 
as under their concept, in previously actively 
immunized personnel any tetanus spores which 
had been implanted would themselves have 
acted as a booster dose and there would be 
at the end of a week sufficient rise in antitoxin 
titer to protect against tetanus. The British 
Army had twenty-two cases of tetanus in 
actively immunized personnel. 

The question of protection during the first 
week after wounding assumes tremendous im- 
portance when it is realized that not infre- 
quently the incubation period of tetanus is 
less than seven days and the shorter the 
incubation period, the higher the mortality. 
Of the twelve cases in the U.S. Army in World 
War ul, five died. The incubation period in four 
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of these was less than a week and only one 
patient recovered with an incubation period of 
less than seven days. It certainly would appear 
that the greatest degree of protection in pre- 
viously immunized personnel would be ob- 
tained by giving both a stimulating dose of 
tetanus toxoid and a prophylactic injection of 
antitetanus serum, and probably this two- 
pronged attack should be made when the cir- 
cumstances justify it such as with a deep 
wound heavily contaminated with barn-yard 
material. 

The duration of active immunity which can 
be recalled by a stimulating dose of tetanus 
toxoid has not been determined. In the early 
days of World War 11 it was considered essen- 
tial to give a stimulating or booster dose 
annually. Further investigation appears to 
have definitely established that a booster dose 
of toxoid will recall to protective levels an 
active immunity established four or five years 
previously. The Armed Forces now provide a 
routine booster every four years. Others have 
presented evidence that immunity can be re- 
called after longer periods and the Manual on 
Immunization of the American Pediatric 
Society mentions eight years as the period of 
time after a basic immunizing series after which 
one may not expect an adequate response to a 
booster dose of toxoid. We now have under 
way a project which should show whether 
active immunity can be recalled sufficiently 
fast to protect if a booster injection is given 
eleven years after the basic series. 


QUESTIONS CONCERNING TETANUS PROPHYLAXIS 
IN NEED OF FURTHER INVESTIGATION OR PROOF 


1. Is simultaneous passive-active immuniza- 
tion possible? Does free circulating tetanus 
antitoxin provided passively by injection inter- 
fere with sensitization of the reticulo-endo- 
thelial system by tetanus toxoid or with a 
response of a previously sensitized system to a 
booster? Can tetanus antitoxin be given 
prophylactically and at the same time a basic 
series of immunizations with tetanus toxoid 
initiated? There are conflicting data on these 
questions. Cooke and Jones using both pa- 
tients who had recovered from tetanus follow- 
ing the administration of large doses of anti- 
toxin and normal children who had received 
10,000 units concluded that the presence of 
free antitoxin prevented the sensitization 
desired with the tetanus toxoid. On the other 
hand, Ramon in France, Varney at Washington 
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University, Miller in San Francisco and others 
have concluded that this interference is not of a 
degree to be appreciable. All who believe that 
the active immunity can be initiated even 
though serum has been given prophylactically 
agree that the alum-precipitated toxoid must 
be employed. 

2. Is it possible to establish an active im- 
munity so rapidly that a protective antitoxin 
titer can be established even though the first 
tetanus toxoid is not given until immediately 
after injury? Even if prophylactic antitetanus 
serum is necessary to protect during the first 
week after injury, is it possible to establish an 
active immunity with tetanus toxoid which 
will take over at the end of that week and 
protect the individual against tetanus? In in- 
dividuals highly sensitive to horse serum, can 
an active immunity be produced within a few 
days by intracutaneous toxoid? Varney has 
convincing evidence that by using the intra- 
cutaneous route for the administration of the 
tetanus toxoid in animals, an active immunity 
can be established within a matter of seven to 
ten days. The intracutaneous route of ad- 
ministration, however, has many pitfalls. The 
alum- precipitated material must be used and 
with it there is a danger of skin slough. Varney 
is of the opinion that .2 to .25 cc. may be given 
in different locations over the body thereby 
providing the full dosage without danger of 
slough. He further states that 1 per cent pro- 
caine can be mixed with the toxoid to prevent 
the excruciating pain of an intracutaneous 
injection with no ill effects on the action of 
the toxoid. 

Some investigative work which will throw 
some light on these problems is under way at 
Washington University Medical School. Disre- 
garding the conflicting data now available our 
first project is to determine for ourselves 
whether alum-precipitated tetanus toxoid given 
at the same time but in a different location 
from 1,500 units of tetanus antitoxin will 
sufficiently sensitize the reticulo-endothelial 
system so that a second dose of toxoid given 
thirty days later will produce a rise in anti- 
toxin titer. Depending somewhat upon the 
results of this base-line investigation, it is 
planned to follow with other work which may 
answer the questions outlined above. Plans 
have been made to investigate the possibilities 
of intracutaneous toxoid in an effort to know 
whether an active immunity can be established 
within a matter of days. 


< 
z 
2. 
4 
’ 
8% 
: 
a + 
> 
; 
9 
bd 
477 


Reports on Tetanus, Gas Gangrene and Related Bacteria 


THERAPY OF TETANUS 


The principles of therapy are (1) arrest of 
tetanus toxin action; (2) prevention of muscu- 
lar spasm and convulsions and (3) prevention 
of aspiration, and pneumonia. The details of 
therapy with which these principles are applied 
are very important and go far toward deter- 
mining whether the patient survives. 

The following outline of therapy is that 
worked out by Drs. Alexis Hartmann and Jean 
Cooke at the St. Louis Children’s Hospital 
where since 1933, forty-nine cases have been 
treated with only ten deaths, a remarkable 
mortality rate of only 20.4 per cent. Prior to 
1933 twenty-four cases had been under treat- 
ment with twenty deaths, or a mortality rate 
of 82.5 per cent. In 1933 sedation with avertin® 
was begun to control and prevent convulsions 
and it appears that this has been an important 
factor in the tremendous drop in mortality. 
The details of therapy include: 

1. Sedation. Even before antitoxin is given, 
avertin is given per rectum in a dose of about 
80 mg. per kg. of body weight expecting to have 
to give an additional 20 to 40 mg./kg. to obtain 
the desired degree of sedation. Thereafter 
avertin is given every hour or two in sufficient 
dosage to prevent convulsions. Obviously ade- 
quate avertin is required but an excess is to be 
avoided as with overdosage, the blood pressure 
falls, pulmonary edema may develop, the 
cough reflex is abolished and aspiration is made 
easy. The use of pentothal® to prevent con- 
vulsions has been reported from several clinics 
and was used in one case in this series. There 
is reason to believe, however, that the margin 
of safety is wider with avertin than with 
pentothal. All but one of the cases after 1933 
had avertin anesthesia. 

2. Tetanus Antitoxin, 50,000 L nits by Vein 
and 50,000 Units in the Muscle. Smaller doses 
might be adequate. Preliminary skin and 
ophthalmic tests are carried out. If these are 
positive, ACTH therapy is most advisable. It 
is not necessary to repeat the antitoxin as a 
sufficiently high titer persists in the blood and 
other body fluids for a long time to neutralize 
all free toxin. 

3. Nothing by Mouth. This is crucial to 
avoid aspiration. Gavage is too hazardous. 

4. Intravenous Fluids. Emphasis is on fluid 
balance. Fluid is more important than food 
during the crucial days. 
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5. Tracheotomy. This is often advisable 
not only to short-circuit the effects of laryn- 
gospasm but to permit aspiration of the 
bronchi. Of the fifteen cases since 1948 in 
this series thirteen have had tracheotomy 
with only two deaths, one of which was 
attributed to oversedation. 

6. Wound Care. Incision and modified dé- 
bridement of only obviously infected wounds 
and only while the patient is under full avertin 
anesthesia. 

7. Special Nursing Care. This care is essen- 
tial twenty-four hours around-the-clock. The 
Directors of the St. Louis Children’s Hospital 
have authorized this essential service for 
patients with tetanus regardless of financial 
status. Certainly, this has been a major factor 
in preventing convulsions, aspiration and pneu- 
monia and, in turn, in reducing mortality. 

The results in this series attest to the 
efficacy of this regimen of therapy. 
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Surgery in the Prophylaxis, Diagnosis and 
Treatment of Gas Gangrene 


Howarp E. Snyper, M.D., Winfield, Kansas 


HILE this Committee has been asked to 
report upon active and passive immuni- 
zation for tetanus, gas gangrene and other re- 
lated bacteria, the importance of surgery in the 
prophylaxis, diagnosis and treatment of gas 
gangrene warrants reference to it in this report. 
The Committee is unanimous in the opinion 
that antitoxin has no place in the prophylaxis 
of gas gangrene. Hampton,' Lowry and Curtis,” 
Lyon,* North‘ and others have given excellent 
reports on gas gangrene and related infections. 
The fine material contained in these reports 
and those of Altemeier,>5 MacLennan® and 
Jergesen’ should be available to every student 
of medicine. This Association can do much to 
promote the inclusion of these teachings in 
medical curricula and to insure dissemination 
of this knowledge to all members of the pro- 
fession who engage in the surgery of trauma. 
Of paramount importance in the prophylaxis 
of gas gangrene is early and proper surgical 
care. Experience in the Mediterranean theater 
in World War 1 definitely shows that proper 
initial surgery with delayed suture reduces the 
mortality from gas gangrene. In 1,450 battle 
casualty deaths reported by Fifth Army Hos- 
pitals in the last sixteen months of the war in 
Italy, there were fifty-one deaths from clostrid- 
ial myositis or gas gangrene.® Only one of these 
deaths occurred in the last four months of that 
period. In these last four months casualties 
were cared for by surgeons and hospitals long 
experienced in good war surgery. The surgical 
technics employed have been well described by 
Churchill? and Lowry and Curtis? in papers 
presented before this Association, and by 
Hampton.! That the principles enunciated for 
war surgery are applicable to civilian practice 
has been challenged by many, particularly with 
reference to the delayed suture of wounds. It is 
the opinion of some of us, however, that more 
civilian wounds should be managed in much the 
same manner as war wounds. When one con- 
templates that gas gangrene developed in only 
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seventeen of 1,000 wounded soldiers in World 
War 1 and that the incidence in World War u 
varied from three to twenty per 1,000 casual- 
ties, it should become obvious that the limited 
number of wounds seen by most of us in 
civilian practice does not provide adequate 
experience for promulgating principles differing 
from those founded on the wider military 
experience. With good initial surgery delayed 
suture can be performed successfully in most 
cases four to seven days following this, and 
when so performed, results in healing in 95 per 
cent of the cases. Such management would lead 
to less morbidity in civilian wounds and in- 
juries than we now experience. 

In spite of knowledge available since World 
War I, extremities have been sacrificed because 
smears from an infected wound showed spore- 
forming organisms resembling Clostridium 
welchii. Amputations have also been per- 
formed needlessly because an x-ray showed a 
bubble of gas in the depths of the wound or 
perhaps gas extending along fascial planes, or 
because a wound smelled bad and bubbled gas. 
It is not common surgical knowledge that such 
may exist from the relatively benign condition 
which MacLennan and those of us who served 
in the Mediterranean prefer to call anaerobic 
cellulitis and which John Paul North and 
others refer to as localized clostridial infection, 
fasciitis or gas abscess. These cases of anaerobic 
cellulitis may present a wound with a fouler 
odor and more gas than a true virulent clostrid- 
ial myositis or gas gangrene. Surgical ex- 
ploration of the wound is almost invariably 
necessary to differentiate anaerobic cellulitis 
from clostridial myositis. Smears from these 
wounds will show clostridia and other organ- 
isms. In both conditions the superficial appear- 
ance of the wound may be the same. In 
anaerobic cellulitis there is a varying amount 
of grayish slough and necrotic tissue in the 
wound. However, when this traumatized, 
devitalized, involved tissue in the wound is 
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excised, one encounters live, healthy muscle 
which bleeds when cut and contracts when 
pinched. The infection may have extended 
along fascial planes for a number of inches 
beyond the traumatized area of the wound, 
but not in the muscle. The surgery employed in 
establishing the diagnosis of anaerobic cellu- 
litis almost completes the surgical management 
of this wound. AII devitalized tissue must be 
excised; and when the infection extends up 
fascial planes, long incisions must be made to 
open up these areas and to excise that fascia 
which is necrotic. 

The diagnosis of true gas gangrene or clostrid- 
ial myositis may often be made without 
extensive surgical exploration of the wound. A 
high degree of suspicion of gas gangrene upon 
the part of the examining surgeon is one of the 
most essential criteria in early diagnosis. This 
suspicion should be most active when wounded 
extremities with vascular injuries are con- 
sidered. Jergesen has remarked that waiting 
for a line of demarcation in wounded extrem- 
ities with major vascular injuries is comparable 
to sitting on a keg of dynamite. In the Mediter- 
ranean theater we learned to recognize two 
general forms of clostridial myositis; the dry, 
emphysematous type, usually associated with 
a predominance of Cl. welchii, and the wet type 
thought to be due predominantly to Clostrid- 
ium oedematiens. In the dry type of infection 
the symptomatology often includes the sudden 
onset of pain in the wound of a patient un- 
usually apprehensive about his condition whose 
pulse is accelerated out of proportion to his 
temperature rise. As the disease progresses the 
blood pressure falls and delirtum may develop. 
Anemia is almost invariably present and may, 
in part, be causative and the result of the infec- 
tion. The odor from the wound varies, depend- 
ing upon the number and character of the 
secondary invaders. In a true Welch bacillus 
myositis there may be little odor which has 
been described as a “‘meat market smell.” 
There may be very little exudation. Inspection 
of the wound may show the same superficial 
picture as that described under anaerobic 
cellulitis; or in a wound which has _ been 
débrided there may be little slough and 
necrotic tissue. As the wound is dissected 
upward, however, it will be found that the 
muscle is lifeless and contains small bubbles of 
gas. It is at first a salmon pink, then later fades 
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blackish red. The involved muscle does not 
bleed and does not contract when pinched with 
the forceps. This muscle involvement is found 
well beyond the traumatized area of the wound. 
Once started, the infection extends rapidly to 
involve all of the groups of muscles included in 
the wound. In the more virulent infections it 
will spread beyond muscle groups and joints 
to involve untraumatized muscle with a good 
blood supply. 

The wet or oedematiens type of gas gangrene 
presents a quite different picture. The patients 
may complain of a feeling of heaviness in the 
extremity, occasionally pain. They are apa- 
thetic and only occasionally delirious. There is 
little fever but very rapid pulse and low blood 
pressure. Blood count or hematocrit usually 
shows a hemoconcentration, and blood volume 
determinations show extreme deficits in the 
circulating blood volume. There may be no gas 
demonstrable on inspection or palpation of the 
wound or in radiographs made of the extremity. 
The limb is badly swollen and there is profuse 
serous drainage from the wound which often 
soaks through the dressings and drips onto the 
floor. The muscle is very firm, swollen and 
bulging in the wound. On the surface it may be 
dark, but as dissection is carried upward, it is 
found that the muscle is pink, pale and waxy 
looking. Late in the course of the disease it 
turns a deep red and later purple and black. 
Gas formation usually does not take place 
until the period of rapid color changes, and then 
is minimal. Jergesen has pointed out that the 
affected muscle looses its contractility early, 
but that on section there is profuse oozing of 
blood and serous exudate. In the final stages 
the muscle becomes completely avascular. 

No patients with true clostridial myositis or 
gas gangrene survive without proper surgery. 
This surgery must be performed as soon as the 
diagnosis is made. Before the advent of 
penicillin no patients with clostridial myositis in 
Fifth Army Hospitals survived without loss of 
limb. When penicillin became available, a few 
patients with clostridial myositis were saved by 
local excision of muscle groups. The stepped 
guillotine type of amputation will be the usual 
surgical treatment. If the entire extent of the 
infection cannot be encompassed by local 
excision of muscle groups, amputation must be 
employed. It should, whenever possible, be at 
such a level as to remove all involved muscle. 
Frequently, gas in the subcutaneous layers or 
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Surgery in Gas Gangrene 


along fascial planes will extend beyond this 
area of involvement or beyond the level where 
amputation is possible. In such cases the skin 
should be incised widely above; and when in- 
volved muscle extends above the highest 
possible level of amputation, it should be 
excised, 

This short dissertation on surgery in gas 
gangrene is intended to touch briefly upon the 
highlights of the subject and, of more impor- 
tance, to stimulate interest in disseminating 
the information which is contained in the many 
fine comprehensive articles which have been 
written on this subject and referred to herein. 
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Report of the Committee for the Study 
of Immunization As Prophylaxis for 
Tetanus and Gas Gangrene 


Cuamp Lyons, M.p., Birmingham, Alabama, W1LL1AM A. ALTEMEIER, M.D., Cincinnati, Obio, Oscar 
P. Hampton, M.p., St. Louis, Missouri, AND Howarp E. Snyper, M.D., Winfield, Kansas 


ie committee makes the following recom- 
mendations: 

As regards passive immunization with tetanus 
antitoxin: For wounds seen within twenty-four 
hours after injury the usual dose of antitoxin 
shall be 1,500 units. Under the circumstances 
of coexisting diabetes mellitus or arteriosclerotic 
peripheral vascular disease, a large wound or 
known gross contamination, the prophylactic 
dose of antitoxin shall be 3,000 units. 

For wounds seen later than twenty-four 
hours after injury the indicated dosage of anti- 
toxin should be doubled for each day of elapsed 
time up to a total of 10,000 units. 

For wounds not susceptible to adequate 
surgical débridement, containing residual de- 
vitalized tissue or remaining unhealed there is 
an obligation to prolong the period of protec- 
tion with antitoxin. The preferred procedure is 
to repeat the administration of 1,500 units of 
antitoxin every seven days until the wound is 
clean or healed. An alternatively acceptable 
method is to administer a larger dose (up to 
100,000 units) initially with the expectation 
that the larger dose will provide a longer period 
(up to three weeks) of passive protection. 

The use of tetanus antitoxin should always 
be preceded by appropriate and meticulously 
performed tests for sensitivity to horse protein. 
The tetanus antitoxin must be diluted 1:10 in 
saline solution for intracutaneous or oph- 
thalmic testing. Only a minute amount of the 
diluted material should be put into the eye or 
the skin. The skin wheal should be about the 
size of the head of a pin lest false positives 
occur when larger quantities are injected. When 
both eye and skin tests are positive, the danger 
of anaphylaxis is greater than the hazard of 
tetanus. The facts about serum reactions may 
be summarized as follows: (1) Negative tests 
render immediate serum reactions unlikely, but 
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fatal anaphylactic reactions have occurred after 
negative skin and eye tests. (2) Negative tests 
have no pertinency as regards vulnerability to 
delayed serum reactions occurring up to ten 
days after administration of antitoxin. (3) The 
incidence and severity of reactions are greatest 
with intrathecal and intravenous serum, and 
least with intramuscular serum. (4) Positive 
skin tests, a previous dose of antitoxin or 
known sensitivity to horse proteins render 
serum therapy dangerous. It has not been 
proven that desensitization programs for ad- 
ministration of serum are capable of providing 
antitoxic immunity. (5) In the event equine 
antitoxin is contraindicated, bovine antitoxin 
should be used after appropriate skin tests are 
shown to be negative. (6) Adequate prophy- 
laxis for serum reactions may be defined as: 
(a) administration of 0.3 ml. of 1: 1000 adrenal- 
ine in an oily base immediately prior to the 
injection of antitoxin; (b) antihistamine drugs 
for 10 days. (7) Adequate treatment for an 
established serum reaction is provided with 
ACTH. 

As regards active immunization against tetanus 
by vaccination with toxoid: Basic, or initial, 
vaccination should be achieved by the use of 
slowly absorbed alum precipitated toxoid. 
Combination of alum tetanus toxoid with either 
diphtheria toxoid, pertussis vaccine or typhoid 
vaccine is not only satisfactory but appears to 
be desirable. 

Routine booster doses are best given as alum 
precipitated toxoid. Wound booster doses of 
toxoid are best given as the more rapidly 
absorbed fluid toxoid. 

There is a need to distinguish between two 
programs and two objectives of basic vaccina- 
tion: (1) To prepare the patient for the use of 
toxoid in the prophylaxis of tetanus—basic 
vaccination with two doses of toxoid at an 


4 
a 
4 
| 
= 
4 
; 
on 
f 


Immunization As Prophylaxis for Tetanus and Gas Gangrene 


interval of four to six weeks and a third dose 
given six to twelve months later with subse- 
quent booster doses given every four years or 
at the time of injury. (2) To provide a sustained 
and durable immunity for patients (children, 
farmers, etc.) especially prone to tetanus infec- 
tion of trivial wounds—basic vaccination with 
three doses of toxoid at an interval of four 
weeks with a fourth dose given six to twelve 
months later. Subsequent booster doses should 
be given every two years or in the event of a 
major wound. 

After the lapse of more than four years after 
the last booster dose of toxoid there is often a 
delayed or inadequate response to toxoid 
beyond the four to five day period usually 
required for the recall of antitoxic antibodies. 

As regards the use of tetanus antitoxin and 
toxoid at the same time for prophylaxis: In indi- 
viduals not previously vaccinated with toxoid 
and receiving tetanus antitoxin, active immuni- 
zation with toxoid should be started concomi- 
tantly because the sensitizing effect of the 
prophylactic serum renders subsequent anti- 
toxin therapy hazardous and uncertain. Toxoid 
should be 1 ml. in quantity, given in a separate 
syringe and at a separate site. 

In individuals previously vaccinated with 
toxoid, although the matter is controversial, 
the coincident use of toxoid and antitoxin may 
be considered whenever: (1) A massively con- 
taminated wound and delayed surgical care 
create the hazard of likely onset of tetanus 
prior to the lapse of a further four to five days 


required for response to toxoid. (2) The lapse 
of more than four years from the time of the 
last booster dose produces a situation wherein 
a small but definite group of previously vacci- 
nated patients require 6 or more days for 
response to toxoid. 

As regards the prophylaxis of gas gangrene: 
Prophylactic antitoxin is ineffective and is not 
recommended. 

The most reliable prophylaxis of gas gan- 
grene is early and adequate wound surgery 
(débridement) with the wound being left open. 
Several days later, when the wound is clean, 
it may be closed by delayed suture. 

Gas gangrene toxoids show experimental 
promise but await clinical evaluation. 

As regards certain over-all problems: Basic 
vaccination with tetanus toxoid for mass pro- 
phylaxis is an essential in catastrophe antici- 
pation. Specific identification of the vaccinated 
individual is a part of this recommendation. 

Commercial manufacturers should be re- 
quested to resume the production of bovine 
tetanus antitoxin. 

There should be wider adoption for civilian 
injuries of the principles of débridement with 
the wound being left open initially as the most 
effective prophylaxis for all anaerobic wound 
infections. 

This Association should perpetuate an inter- 
est in these problems for a further period of 
time in order that many currently controversial 
issues may be resolved as new information be- 
comes available. 
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REPORTS ON MANAGEMENT 
OF MASS CIVILIAN CASUALTIES 


The Waco Tornado Disaster 


H. L. Jaworski, M.p., Waco, Texas 


TS Waco tornado disaster took place on 
May 11, 1953, at 4:40 P.M. The following 
lists the property damage, casualties, lessons 
learned from this disaster and the dangers: 


Property damage:............... $57,000,000 
Casualties: 

Treated in hospitals: 

276 

Minor injuries, including 

947 

Deaths after hospital admittance........... I 


(Cause—cardiovascular, renal failure) 


Types of major injuries: 


Shock, multiple lacerations 

and hemorrhage................... 20% 
Tetanus or gas gangrene............. None 


Lessons learned from this disaster: 
1. Necessity of preparedness 
2. Organization 
3. Cooperation between local and 
national organizations 


Dangers: 
Fear 
Panic 
Confusion 


Chaos 
The casualty services pattern is illustrated 
in Figure 1. 
AUTHORITY 


It is the purpose to coordinate, not to sup- 
plant, the regular forces of government so that 
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in an emergency, whether it be due to natural 
causes or war, these forces will never lose con- 
trol but rather will work together to fulfill their 
responsibilities, namely the protection of life 
and property. The governor of the state looks 
to the city and county governments for a 
realistic CD organization. They jointly appoint 
a CD director. 


PERSONNEL 


In appointing various people to head the 
many sections of the program it is important 
to name people who are well acquainted with 
the normal channels of governmental pro- 
cedure. The most important position, in my 
opinion, is the communications section, police, 
fire and engineering departments. 

Engineering and rescue have been combined 
because of the need for heavy equipment in 
rescue work. The fire department assists in the 
training of rescue units. The City, County and 
State Engineers head the rescue committee. 
They intend to recruit rescue workers from the 
construction industry and train them in first 
aid and rescue technics as well as debris re- 
moval, etc. You will note that the utilities are 
under both rescue and communications author- 
ities, a member from each utility responsible 
for their own operations but serving under the 
other two for practical purposes. 

Under the health and medical section, the 
city and county health officer is responsible 
ordinarily for public health problems. The presi- 
dent of the county medical society heads the 
emergency medical services, which are to 
include casualty teams set up in advance (with 
proper identification, transportation and sup- 
plies) and also casualty stations where the 
injured will be cleared before being sent to a 
hospital. Hospitals are being urged to provide 
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The Waco Tornado Disaster 


themselves with alternate means of communi- 
cations, that is, in addition to telephone 
service. 

As for police, the committee composed of the 
city chief, the county sheriff, and state high- 
way patrol, has decided to train an auxiliary 


should be brought as close to areas having 
casualties as circumstances will permit. 

4. Initial medical and surgical supplies and 
equipment should be available immediately 
and large reserve stocks ready for movement 
into damaged areas. 
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force for the handling of emergency traffic and 
to prevent looting, since the National Guard 
may not always be available. 


BASIC CONCEPTS IN PLANNING CASUALTY 
SERVICES 


From studies of the Armed Services’ ex- 
perience in handling large numbers of casual- 
ties, experiences of foreign civil defense or- 
ganizations in World War u, and civilian 
disasters, certain basic concepts which should 
be carefully considered in developing local 
casualty services have been formulated. These 
are: 

1. Time is an important factor. The longer 
medical care for a seriously injured casualty is 
delayed, the less his chance for recovery. For 
example, casualties hemorrhaging from wounds 
will die if loss of blood is not stopped imme- 
diately. A first aid system should be organized 
so that immediately after disaster first aid 
services could be provided through self-help, 
neighborhood aid organized by the warden 
service and teams from first aid stations. 

2. Casualties must be transported carefully 
and quickly to the nearest medical facility for 
further treatment by skilled personnel. 

3. Skilled professional personnel, with essen- 
tial diagnostic and therapeutic equipment, 


5. Enormous supply needs demand uni- 
formity in the management of specific types of 
injuries. 

6. Adequate transportation will be required 
to move casualties from a disaster area to first 
aid stations and then to local and distant 
hospitals. 

7. Communication between casualty service 
units is a prerequisite to an orderly movement 
of casualties and supplies between facilities. 

8. Administrative services to provide food, 
shelter, clothing, supplies, equipment and per- 
sonnel replacements are essential to efficient 
operation. 


PATTERN OF CASUALTY SERVICES 


The first care of an injured person starts 
with self-aid or assistance. The civil defense 
warden units will organize and direct neighbor- 
hood first aid activities until the organized first 
aid station teams arrive. 

The organized phase of civil defense casualty 
services begins with roving or field first aid and 
litter-bearer teams from first aid stations; con- 
tinues at first aid stations and existing or im- 
provised hospitals for the seriously injured 
and as outpatient services for less serious cases; 
and concludes with discharge from further care 
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Reports on Management of Mass Civilian Casualties 


or with the mortuary services. First aid would 
be given when necessary by members of other 
civil defense services—warden, police, fire and 
rescue—who have had first aid training. 

Personnel of first aid stations would provide 
initial treatment for casualties. Field first aid 
teams, followed by litter-bearer teams, would 
enter a damaged area to give aid to injured per- 
sons where they are found. They would assume 
responsibility for casualties receiving on-the- 
spot aid by neighbors, wardens or other civil 
defense personnel. Walking casualties would be 
directed and litter cases would be carried to 
collecting points or first aid stations. From 
collecting points they would be transported 
by ambulance to first aid stations. 

All casualties would be routed through first 
aid stations, or as directed by the first aid 
station leader. Following sorting at the first aid 
station an ambulance with casualties would be 
sent directly to a hospital. Ambulatory casual- 
ties would be treated and, if possible, dis- 
charged. They should return later for out- 
patient treatment or admittance for hospital 
treatment if necessary. Non-ambulatory or 
seriously injured casualties would be given 


initial professional care in stations and then 
transferred to existing or improvised hospitals. 

Specific functions of first aid stations include: 
(1) receiving casualties; (2) sorting and classi- 
fying casualties according to nature and 
severity of injuries; (3) decontaminating cas- 
ualties; (4) administering first aid and giving 
initial professional care; (5) preparing, main- 
taining and transmitting appropriate records 
and reports; (6) routing of casualties; (7) main- 
taining medical and surgical supply support of 
all first aid system groups; (8) coordinating in 
the field, first aid services with those of other 
civil defense activities; (9) later, serving as 
outpatient stations for the follow-up care of 
sick and injured people. 

Hospital care would be provided in im- 
provised or existing hospitals locally or in 
nearby or distant towns. Medical evacuation 
to hospitals would be necessary to provide 
continued treatment of the sick and injured. 

I do not believe it necessary to train a large 
group of people, but rather to organize solid 
groups, well trained, who may act as the center 
or nucleus for your organization in time of 
disaster. 
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The Worcester Tornado 


GeorceE R. DuNLop, m.p., Worcester, Massachusetts 


ow in the afternoon of June 9, 1953, a 
tornado struck Worcester, killing ninety- 
three persons and injuring about 1,500 addi- 
tional men, women and children. It was esti- 
mated that the total property damage in the 
area amounted to fifty-three million dollars. 

Two years ago at the request of the Civilian 
Defense Committee, the staff at Memorial 
Hospital organized itself for mass casualty 
handling. It was decided that in the event of a 
disaster such as the bombing of our city, each 
member of our staff should have an assigned 
duty. This preliminary organization was of 
help, but not entirely adequate, as the writer 
hopes to point out. 

By 6 p.m. ambulances and passenger cars 
were pouring casualties into the nearby hos- 
pitals. The police, military service and volun- 
teers did a fine job in keeping a path open in 
the rush hour crowds and traffic. By 7 P.M. 
the picture in the accident room of Memorial 
Hospital might be described something as 
follows: 

As one approached the door, the street, walks 
and grounds were swarming with crowds of 
people, many attracted by the sirens, who came 
to watch the injured unloaded. Others came to 
volunteer their services, and still others des- 
parately attempted to locate members of their 
family. 

Inside, one was met with a wave of humid 
heat, noise and confusion. Casualties were 
lying on the floor, desks and stretchers. Whole 
swarms of people were moving about, some 
working, some with looks of desperation step- 
ping over bodies, peering under blankets, 
looking for loved ones. In one room, used as an 
office and workroom for hospital volunteers, 
were a variety of casualties. One woman with 
a broken arm and dislocated hip, appeared to 
stare through one open eyeball, glazed as if hit 
by a sandblast. One woman was dead, several 
had minor lacerations. In a corner an obese 
male lay on his back with a head and chest 
injury, vomiting and aspirating gastric con- 
tents. Many had needles in their arms attached 


to intravenous solutions, with large swellings of 
fluid in the subcutaneous tissue. I describe 
these details simply to give a picture of the 
confusion that existed as physicians began to 
arrive on the scene. Although I had seen 
hundreds of war casualties, I had never seen 
more dirt, gravel and grass than had been 
ground into the clothes, skin and wounds of 
these poor individuals. 

During the next few hours order developed 
out of chaos, as nurses, doctors and volunteers 
rolled up their sleeves and went to work. The 
number of civilians who suddenly appeared out 
of nowhere with first aid training was impres- 
sive, thanks to the demands of the last World 
War. 

The hospital was partly emptied and extra 
beds and cots set up. The cases of shock were 
segregated and given transfusions. The pa- 
tients with large lacerations and major frac- 
tures were moved into the operating room 
suite. The medical men sewed up minor wounds. 
The head and chest cases were soon seen by 
the proper specialists and by early morning, 
338 casualties had been examined and cared for. 

Early the next morning, the staff met, dis- 
cussed the problem, segregated and assigned 
the cases. The hospital was closed to all but 
emergencies. 

Several observations seemed evident: 

In an emergency, an admitting physician, 
assigned the duty of sorting and routing the 
casualties, may never arrive at the hospital. 
He may not hear of the catastrophe, or he may 
be held up in traffic or injured. If a physician 
is not present at the front door, the proper and 
immediate segregation of the casualties is im- 
possible. It is easier to organize a smooth flow 
of traffic than to try to unravel the traffic jam. 
It is the belief of many of our staff that the 
first physician arriving at the hospital should 
assume this duty and screen the casualties as 
seems best for any local level plan. This re- 
quires some means of communication which 
will not break down in time of emergency, 
together with an idea of the potential number 
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of casualties to be handled. A prearranged plan 
should be formulated, familiar to the entire 
staff, whereby cases in shock and those with 
minor injuries, burns, head, chest, orthopedic, 
and general surgical problems can be sent to a 
specific area in the hospital for treatment. 

During World War u, and again during this 
disaster, the writer was impressed with the 
fact that the most severely injured patients 
are usually in shock, and that if someone had 
given them an emergency infusion “in the 
field,” the needle was usually out of the vein 
and the peripheral vessels collapsed. Conse- 
quently, it is suggested that in any plans for 
mass casualty handling, some thought be given 
to available supplies for efficient cut-downs 
with good light. A patient can be easily moved 
with a polyethylene tube in a vein, whereas a 
needle may become dislodged and valuable 
time lost in replacing it. 

Among 338 casualties seen at one of the five 
community hospitals, twelve were dead on 
arrival and four died while in the hospital. A 
total of 283 blood donations were obtained but 
only sixty blood transfusions were needed. 
Most of the injuries were soft tissue wounds, 
heavily contaminated with foreign material. 
In spite of this, it was possible to close many 
at the time after either wound excision or 
débridement and irrigation. In time of war 
this would have been inadvisable, but under 
close supervision, many of these could be 
opened promptly and irrigated, if indicated. 
Although there was a great variety of fractures 
and many head injuries, there was no instance 
in which an emergency laparotomy was indi- 
cated, nor were there any burns. There were a 
number of patients whose skin was badly 
tatooed as if by a sand blaster. Some of these 
will be disfigured for life. 

Because of the path taken by the tornado 
and the time of day, a majority of the injured 
were women, with a large number in the older 
age group. 

The picture at the Worcester City Hospital 
was much the same, and here I would like to 
quote directly from comments made by a 
neurosurgeon on the staff, Dr. John T. B. 


Carmody. 
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“Of the 97 admissions to the hospital, over 
50% were neurosurgical cases. It was my im- 
pression that the seriously injured patients 
were primarily neurosurgical or orthopedic 
problems. One of the most interesting points 
noted was the type of head injury encountered 
among the group who were brought in dead 
on arrival. In 6 of these casualties, it was noted 
that the entire intracranial contents had been 
completely removed. On lifting the scalp flaps, 
I was amazed to note that the skull vault con- 
tained no cerebral tissue, similar to what one 
would expect on viewing the intracranial cav- 
ity following a postmortem removal of the 
brain. The exact mechanism of this type of 
injury is, of course, open to much speculation. 
It would seem that following crushing injuries 
to the skull, a tremendous suction had sud- 
denly removed the entire cranial contents. 
There were other types of head injuries, of 
course, most of whom would fit into the general 
classification of compound fractures through 
the base, with bleeding from the ears, nose and 
mouth, associated with major laceration of 
the brain.” 


SUMMARY 


Our experiences in the recent tornado would 
suggest that in the event of another disaster: 

1. The Police Department should notify the 
hospital as to the anticipated number of cas- 
ualties to be handled and a policeman should 
be dispatched to the Admitting Department. 

2. The resident surgeon should assume the 
responsibility of screening casualties until he 
can be relieved by the first attending physician 
who arrives. 

3. The staff should set up a permanent or- 
ganization for casualty handling and familiarize 
themselves with the method of sorting and 
assigning these patients to a specific area of 
the hospital for treatment. 

4. Our experience would re-emphasize the 
fact that the average hospital is set up to 
process a large number of casualties without 
undue difficulty, once the initial traffic jam 
has been straightened out. With this in mind, 
valuable time can be saved if added emphasis 
can be placed on the need for the initial screen- 
ing and sorting of the injured. 
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5 hye destructive force of a tornado is beyond 
comprehension. This is nature’s mightiest 
storm. The atmospheric conditions that enter 
into its formation are well known. It forms 
suddenly, however, and no adequate warning 
can be given as to the path it will take. For a 
width of 100 to 200 yards it travels at the 
average speed of an automobile, although the 
wind velocity within it is from 500 to 600 miles 
per hour. It destroys in seconds. It can drive 
a straw through a board and the board through 
a tree. It leaves death and destruction in its 
trail. Nothing can be done to control this 
terrifying visitation of nature. Advance warn- 
ing of its imminence, however, should reduce 
the number of tragedies, by alerting those in 
the area affected as well as by mobilizing those 
charged with the care of casualties. 

On June 8, 1953, at 8:34 P.M., a tornado 
ripped through the north end of Flint, killing 
113 and injuring 950, in less than three min- 
utes. By 9:00 p.m. news of the devastation had 
spread by radio and word of mouth, and by 
9:15 P.M. doctors in Flint hospitals were caring 
for the injured. 

A catastrophy of this size produces heroes. 
The innate goodness of humanity was mani- 
fested by hundreds of everyday people. It is 
unfair, therefore, to single out any one group 
for meritorious service. 

The general characteristics of destruction 
followed a pattern similar to the Worcester, 
Massachusetts, and the Waco, Texas, tor- 
nadoes. The suddeness created a temporary 
state of confusion which was soon resolved into 
orderly, efficient management. 

A complete analysis of this tornado should 
be divided into phases, concerned with medical 
civilian defense preparations, communications, 
transportation, rescue work, first aid (primary) 
and definitive management of the injured. Each 
one in itself constitutes an individual story. 

These comments will be confined to the ac- 
tivities of the medical group, particularly at 
Hurley Hospital. 


The Flint Tornado 


G. J. Curry, m.p., Flint, Michigan 


Of the 950 injured, 500 were brought to 
Hurley Hospital and were seen before daylight 
on June gth. The medical profession, including 
the house and attending staff, quickly organ- 
ized itself and went to work. It is to be noted 
that Flint is a trauma conscious community. 
Particularly is this so of Hurley Hospital 
where the surgery of trauma has been well 
organized for many years as a separate section. 
The emergency room became the nerve center 
of the hospital and from there patients were 
sent to x-ray, to an improvized ward for treat- 
ment or immediately to surgery for the man- 
agement of severe injuries, such as depressed 
skull fractures, crushed chests, multiple frac- 
tured extremities, abdominal injuries, etc. One 
essential policy stood out for all such injuries: 
What can wait until later must wait. The 
serious case comes first and time must not be 
devoted to treatment unless it is a life-saving 
measure at the moment. One basic principle 
was repeatedly stated, ‘Manage the patient 
that you are caring for as if he were the only 
one in the surgical theatre at the moment.” 

Characteristically, the victims were first seen 
with clothing in shreds and covered from head 
to foot with a thick layer of crusted soil. Ex- 
posed portions of their bodies were peppered 
with small abrasions and lacerations. Major in- 
juries were complicated by these factors of 
gross contamination. The traumatizing forces 
were mostly those of flying objects such as 
wood and glass. (The area of the tornado had 
been converted from farm land only five years 
ago.) 

The 500 cases which came to Hurley Hospital 
arrived in less than two hours. Three hundred 
were admitted as in-patients. Many already 
hospitalized patients were discharged to make 
room. All available extra space was utilized. 
The following morning found the house and 
attending staff members busy with more 
definitive care of the hospitalized. Fracture 
teams began the day-long process of im- 
mobilization and reduction. Consultants in 
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special fields were freely utilized. All services 
were volunteered. The profession did not 
consider names, addresses and fees. Many 
worked the clock around. Nurses and tech- 
nicians worked without confusion to do a job 
that had to be done. 

An excellent Medical Protective Division of 
Flint Civilian Defense was organized several 
years ago. This did not work as a unit. Those 
concerned with transportation of the injured 
and the American Red Cross deserve special 
mention relative to the spontaneity with which 
they went into action. The professional and 
non-professional hospital personnel deserve 
great credit. For a long time Flint has had an 
ordinance requiring certification for ambulance 
attendants as to their proficiency in handling 
and transporting the injured. The sixty so 
certified performed their tasks well. What is 
more, they directed volunteers who helped 
transport the victims in any conveyance avail- 
able. There was no official pre-assigned post 
for the medical personnel, yet somehow each 
one knew where he could do the most good and 
went there. After that it was only the simple 
desire to help that made for efficiency. In less 
than twenty-four hours after the disaster 
struck the situation was under control. 

Of the 300 cases that were admitted as in- 
patients to Hurley Hospital, one-third were 
discharged within forty-eight hours. The fol- 
lowing is a list of major injuries by location: 


Craniocerebral Injuries (49): 

1. Mild, 16 

2. Moderately severe, 19 

3. Severe, 14 

4. Associated skull fractures, 11 

5. Depressed skull fractures, 8 

Abdominal Injuries (4): 

1. Penetrating wound of the abdominal wall 

2. Laceration of the mesentary and the left 
kidney 

3. Ruptured spleen and transverse colon, 
and traumatic pneumothorax 

Chest Injuries (24): 

Types: 

Traumatic pneumothorax 

Pulmonary contusion 

Cardiac arrest 

Traumatic diaphragmatic hernia 

Laceration of the lung 

Laceration of the pericardium 

Hydropneumothorax 
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Fractures (153): 

Types: All types involving all locations. 
The relative number of open and closed 
fractures is not known. Closed and open 
reductions were done as indicated. 


The principal causes of death were complex 
multiple injuries. 

Complications. Most wound complications 
were those of infection. All wounds that 
developed hematomas became infected. Wound 
infections were first noted at about forty-eight 
hours. At sixty hours the first clinical case of 
gas gangrene was discovered. Until ninety-six 
hours, all wounds were examined every five to 
six hours and smears and cultures obtained. 
Those wounds in which gas gangrene was sus- 
pected clinically, or those with bacteriologic 
evidence of Clostridium perfringens, verified 
by smear and culture, were treated as gas 
gangrene. There were thirty-four such cases 
in the total fifty-seven wound infections. Close 
and frequent observations of the wounds, to 
establish by clinical evidence the presence of 
gas gangrene, was carried on by a commission 
of three surgeons and a special team of surgical 
residents. In positive cases, without evidence 
of systemic involvement, all wounds were 
widely exposed and the involved tissue re- 
moved. Of the total number of gas gangrene 
infections, five major amputations were done 
in those cases which showed evidence of sys- 
temic involvement and rapid dissolution of 
the patient. In all others secondary revision 
with selected dermoplastic procedures were 
done. Negative smears and cultures preceded 
these operations. Secondary revision of the 
amputation stumps was also done when 
indicated. 

All wound revisions healed and the last 
patient was discharged from Hurley Hospital 
in October. This was a knee arthrodesis in an 
elderly patient who had had a destructive open 
fracture of the distal femur and upper tibia. 
In November, 1953, there was one patient left 
in St. Joseph Hospital in this city. Several 
non-unions among the extremity fractures will 
necessitate secondary osteoplastic procedures. 
Rehabilitation in all of its phases progressed 
during the months following the tornado. 

There were mistakes made. Some major 
wounds should not have been closed. In prepa- 
ration for a future disaster of this nature better 
traffic regulations and a better communications 
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The Flint Tornado 


system would be helpful. Snarls in traffic were 
produced, for the most part, by curiosity 
seekers and naturally interested relatives. It is 
further recommended that each hospital in any 
community should have a professional and non- 
professional disaster commission. The former 
group, headed. by the administration of the 
hospital, would be concerned with supplies, 
space, water, electricity, transportation within 
the hospital, etc. The professional group should 
be small and composed of qualified medical 
men who are trauma conscious and who will 
expedite the management of cases from the 
time of admittance to the emergency room 
until the patients were returned to the floors. 
Experienced consultants should be a part of 


this organization. Their job would be to ap- 
praise both primary and definitive manage- 
ment. It is obvious that they should be assisted 
by selected members of the nursing personnel. 
Organization of the house staffs in hospitals, 
where they exist, is an essential. At Hurley 


Hospital the interns and residents did a mag- . 


nificant job. They performed their duties 
expeditiously and well. This group of young 
men, in my opinion, deserve the greatest por- 
tion of praise and commendation. 

I have been asked the question: ‘What 
would you do if a similar disaster should 
strike again”? My answer has been: “It 
would be handled pretty much the same with 
but a few changes.” 
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effective in: 


pituitary function 


IT PROVIDES potent estrogenic activity only in 
certain organs, thus minimizing or completely 
obviating the well-known disadvantages of pre- 
viously available estrogens. These disadvantages 
are the high incidence of withdrawal bleeding, 
nausea, edema in the female and mastalgia and 
gynecomastia in the male. 


High Selectivity 


Vallestril has been shown! to be more active 
than estradiol and to have twice the potency of 
estrone on the vaginal mucosa when measured by 
the Allen-Doisy technic. However, Vallestril has 
been shown to have but one-tenth the activity of 
estrone on the uterus by the Rubin technic—a 
suggested explanation of its very low incidence 
of withdrawal bleeding. 

Vallestril “‘quickly controls menopausal symp- 
toms, as well as the pain of postmenopausal 


Vallestril Has Target Acteon 


osteoporosis and of the osseous metastases of 
prostatic cancer. The beneficial effect of the med- 
ication appeared within three or four days in 
most menopausal patients. There is also evidence 
that the patient can be maintained in an asympto- 
matic state by a small daily dose, once the meno- 
pausal symptoms are controlled.” 


Convenient Dosage Schedule 


Simple dosage: Menopause—3 mg. (1 tablet) 
two or three times daily for two or three weeks, 
followed by 1 tablet daily for an additional 
month. Vallestril is supplied only in 3-mg. scored 
tablets. G. D. Searle & Co., Research in the 
Service of Medicine. 


1. Sturnick, M. I., and Gargill, S. L.: Clinical Assay 
of a New Synthetic Estrogen: Vallestril, New Eng- 
land J. Med. 247:829 (Nov. 27) 1952. 
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Aeroplast 
The surgical dressing 


applied by SPRAY 


AEROPLAST LiguIp suRGICAL DRESSING Offers 
new efficiency as a protective dressing for rou- 
tine surgical purposes. Used as the sole dressing 
agent in an extensive series of laparotomies, 
thoracotomies, herniorrhaphies, ileostom- 
ies, compound fractures, etc., as well as burns, 
skin graft donor sites, and severe excoriation, 
Aeroplast has clearly demonstrated important 
advantages over conventional dressing mate- 
rials and methods.* Aeroplast dressings are: 


transparent They permit continuous 
visual inspection of healing progress without 
removal. 


oecclusive They seal contaminants out, 
vital fluids and electrolytes in (though sufh- 
cient vapor transmission occurs to prevent 
accumulation of normal perspiration). They 
withstand washing. 


flexible Regardless of where applied, 
they “fit” and maintain their integrity. They 
do not restrict desirable motion or circulation. 


sterile They are impermeable to bacteria. 
Properly applied to aseptic lesions, sterility is 
maintained as long as the dressing is allowed 
to remain intact. Aeroplast itself is bacterio- 
static. 


Aeroplast is applied with the press of a button, 
sprayed directly onto the lesion from a self- 
contained aerosol “bomb”. It is non-toxic, 
non-sensitizing, non-allergenic. Dressings are 
easily removed, after a period sufficient to 
allow complete “setting”, by simple peeling. 


Supplied in 6 oz. aerosol-type dispensers through 
your prescription pharmacy or surgical dealer. 


Send for reprints and literature 


AEROPLAST CORPORATION 
416 Dellrose Avenue, Dayton 3, Ohio 


*Choy, D.S.J.: Clinical trials of a new plastic dressing for burns and surgical 
wounds, A.M.A. Arch. Surg. 68:33-43 (Jan.) 1954. 
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Cathe 
XOAGAMIN 
MHENTERAL COAGULAN 


* Sener 


for a relatively bloodless field 


minimal postoperative bleeding 


KOAGAMIN 


systemic aid to faster clotting 


Clearer operative field— Routine use of KOAGAMIN prior 
to surgery assures a relatively bloodless field, saving 
time, sponging and packing. 


Less postoperative bleeding—A single injection of 
KOAGAMIN at the conclusion of surgery reduces oozing 
and minimizes the likelihood of hemorrhage. 


Acts in minutes, not hours because it acts directly on the 
clotting mechanism. Unlike vitamin K (indicated only in 
relatively infrequent prothrombin deficiencies) KOAGAMIN 
rapidly controls any capillary or venous bleeding. 


Safe—No untoward side effect, including thrombosis, has 
ever been reported. 


KOAGAMIN, an aqueous solution of oxalic and malonic 
acids for parenteral use, is supplied in 10-cc. diaphragm- 
stoppered vials. 


Calhan) CHATHAM PHARMACEUTICALS, INC., NEWARK 2, NEW JERSEY 
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NOW COMPLETE IN ONE MONOGRAPH (Price $3.00) 


OBSTETRIC CLINICS 


1950 —1953 


14 PERTINENT ASPECTS OF PREGNANCY 
FREE with your Subscription to 


merican 


JOURNAL OF 


“Sit in’? on this study of some of the most unusual 
cases encountered in childbirth. Outstanding obstetri- 
cians reveal life-saving information in their clinical 
evaluation of 14 aspects of pregnancy published in 


Osstetric Cuinics... the new 143 page book (regu- 
larly $3.00) offered FREE with your subscription to 


Thurston Scott Welton 


ASSOCIATE EDITORS 
Bradley L. Coley 

Arnold S. Jackson 

E. Eric Larson 


ADVISORY BOARD 
Claude S. Beck 

H. Glenn Bell 

Clarence J. Berne 
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Meredith F. Campbell 
James T. Case 
Randolph Lee Clark, Jr. 
Isidore Cohn 
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Louis J. Hirschman 
Emile F. Holman 
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ISSUED ONLY ONCE EVERY 10 YEARS 


Note the distinguished editorial staff of this 62-year- 
old journal. This is your guarantee of the high calibre 
reports which appear regularly in The American Journal 
of Surgery. Here is the staff that brings you the latest 
in surgical findings, research and evaluation. 


| pied TAKE ADVANTAGE OF THIS FREE OFFER NOW! (putt | 


THE AMERICAN JOURNAL OF SURGERY 

49 West 45th Street, New York 36, N. Y. 

Please send FREE the complete monograph of ‘‘Obstetric 
Clinics” and enter my subscription for one year (12 issues) 


to THE AMERICAN JOURNAL OF SURGERY. Sub- 
scription U.S.A. $15 per year; Canada $16; Foreign $17 
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In your day-to-day practice 


WYDASE ADDS CONVENIENCE AND FACILITY 
TO MANY PROCEDURES 


HYPODERMOCLYSIS 


Faster absorption; 
less discomfort 


TRAUMATIC EDEMA 

Relieves pressure 

pain; restores mo- 
bility 


HEMATOMAS 
Prompt, 
more complete 
reduction 


SPRAINS 


Shortens 
disability 


LOCAL ANESTHESIA 
(pudendal block, 
ophthalmic, etc.) 
Less tissue dis- 
tortion 


RENAL LITHIASIS 
Enhances “‘pro- 
tective colloid”’ 
function in urine 


SIMPLE FRACTURES 
More rapid 
diffusion of 

local anesthesia; 

reduced edema 


HOW 
WYDASE 
WORKS 


Wypa~SsE is an en- 
zyme which acts 
specifically to 
soften hyaluronic 
acid—an essential 
component of the 
ground substance 
s the sprea 

and of 
injected solutions, 
and of accumula- 
tions of transu- 
dates and blood. 


LYOPHILIZED 


WYDASE 


HYALURONIDASE 


SUPPLIED: 


Ampuls of 150 and vials 


of 1500 TR (turbidity- 
reducing) units. 


Bed] Philadelphia 2, Pa. 
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TOOLS AND 
FOR SPINAL 


No. 551 Wilson Convex Frame for Spinal Surgery. 
Positions patient with spine in flexion and with no 
pressure on abdomen. Adjustable during surgery. 


Holscher Root 
Retractors. 
Stainless steel re- 
tractors for spinal 
surgery. Retract 
nerves without inter- 
fering with use of 
rongeurs and other 
instruments. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


No. 649 Pelvic Traction Belt. 

For treatment of slipped vertebral 
discs, sprains or minor fractures. 
Eliminates irritation due to 
adhesive traction and reduces 
swelling about knees and ankles. 
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Chloromycetin 


( Chloramphenicol, Parke-Davis ) 


Since its introduction over four years ago, 


Chloromycetin has been used by physicians 


in practically every country of the world. 


More than 11,000,000 patients have been 


treated with this important antibiotic— 


PARKE.DAVIS & COMPANY F): a DETROIT 32.MICHIGAN 


i 
« 
ach 
| 
| 


with DIOL 


palatable oral fat emulsion 


An unusually palatable dietary additive, EDIOL 
caloric boost can be taken alone and also combined with 

a variety of foods. Just two tablespoonfuls q.i.d. 
without gastric burden of this delicious oral fat suspension 
| provide 600 extra calories. For still higher caloric 
intake, more may be prescribed as required. 
EDIOL micronized emulsion of coconut oil (50%) and 
sucrose (1242%), supplied in bottles of 16 fluid ounces. 


Schenley Laboratories, Inc. 
New York 1, New York 
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Your valued hands, Doctor, NEED 


Acid Mantle Creme 


to prevent “surgeon’s hands” 


A Therapeutic—A Prophylactic 
NOT a Barrier Cream 


ACID MANTLE CREME—a buffered solution of aluminum acetate in a spe- 
cially formulated hydrophilic base with a dermatologically correct pH of 4.2 


For skin diseases in which there is an increased pH of the skin surface 
and/or a hypersensitivity to alkali, such as: Dermatitis of the hands in Sur- 
geons, occupational Eczema due to primary irritants including soap and 
alkalis, Nummular Eczema, Bath Dermatitis, Winter Itch, Dry Skin and 
Seborrheic Dermatitis. Write for Literature and Samples 


DOME CHEMICALS INC. 


109 WEST 64th STREET, NEW YORK 23, N. Y. 


UNVARYING QUALITY 


Because of the meticulous care with which Deknatel 

Surgical Silk is manufactured, the sutures you use 

today—tomorrow— next year—will be of the same 

uniformity of diameter, tensile strength, pliability. 

Further, its non-capillary, non-oxidizing, non-slip- 

ping qualities will be identical—suture after suture, 

e Wexcgucas yard after yard, spool after spool. This unvarying 
ger) quality has built a mooie or dependability that 
i sl has resulted in steadily increased use of Deknatel 

: Silk Sutures by the surgical profession, year after 


. (ara year, for more than 20 years. J. A. Deknatel & Son, 
a SS 9 Queens Village 29, L. I., New York. 


Sold by Surgical-Hospital Supply Houses. 


DEKNATEL surcicaAt sutures 
The First and Still The First 
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NO Ww 
CHAMPION 


PATENT APPUED FOR 
4 FOR SIZE BY 
Now surgeons and nurses can be sure the sutures they 
; use are the correct size. Gudebrod has provided the posi- 
4s tive answer to this problem in Color Coded Silk Sutures. 
. A distinctive color now identifies each of the three most 
3 popular silk sizes— pink for 4-0, blue for 3-0, white for 00. 
This positive color identification eliminates all possibility 
of error in size selection. 
% Gudebrod’s Color Coded Silk is the well-known highest 
i quality Champion Serum-Proof Silk, treated with non- 
Z toxic dyes. Color Coded Silk is available on spools and 
4 in Gude-Packs of convenient cut lengths. 
“f To avoid size confusion in surgery, be sure to specify 


Gudebrod Color Coded Silk Sutures. 


Gudebrod 


BROS. SILK CO., INC. 
» Surgical Division - 225 W. 34th St., N.Y. 1, N.Y. 


U.S.P. Size 


U.S.P. Size 
3-0 is 
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“BRAND OF OXYTETRACYCLINE 


Terr 


THE NEW YORK POLYCLINIC 
MEDICAL SCHOOL AND HOSPITAL 


(ORGANIZED 1881) 
(The Pioneer Post-Graduale Medical Institution in America) 


SURGERY and 
ALLIED SUBJECTS 


A combined surgical course comprising general surgery, traumatic 
surgery, abdominal surgery, gastroenterology, proctology, 
gynecological surgery, urological surgery. Attendance at lectures, 
witnessing operations, examination of patients pre-operatively 
and post-operatively and follow-up in the wards post-oneratively. 
Pathology, radiology, physical medicine, anesthesia. Cadaver 
demonstrations in surgical anatomy, thoracic surgery, proctol- 
ogy, orthopedics. Operative surgery and operative gynecology 
on the cadaver; attendance at departments and general con- 
ferences. 


RADIOLOGY 


A comprehensive review’ of the physics and higher mathematics 
involved, film interpretation, all standard general roentgen diag- 
nostic procedures, methods of application and doses of radiation 
therapy, both x-ray and radium, standard and special fluoroscopic 
procedures. A review of dermatological lesions and tumors sus- 
ceptible to roentgen therapy is given, together with methods 
and dosage calculation of treatments. Speial attention is given to 
the newer diagnostic methods associated with the employment 
of contrast media, such as bronchography with Lipiodol, utero- 
salpingography, visualization of cardiac chambers, peri-renal 
insufflation and myelography. Discussions covering roentgen 
departmental management are also included. 


EYE, EAR, NOSE and THROAT 


A three months’ combined full time refresher course consisting 
of attendance at clinics, witnessing operations, lectures, demon- 
stration of cases and cadaver demonstrations; operative eye, ear, 
nose and throat on the cadaver; clinical and cadaver demon- 
strations in bronchoscopy, laryngeal surgery and surgery for 
facial palsy; refraction; radiology; pathology, bacteriology and 
embryology; physiology; neuroanatomy; anesthesia; physica! 
medicine; allergy; examination of patients preoperatively and 
follow-up post-operatively in the wards and clinics; attendance at 
departmental and general conferences. 


FOR THE GENERAL 
PRACTITIONER 


Intensive full time instruction covering those subjects which are 
of particular interest to the physician in genera! practice. Funda- 
mentals of the various medical and surgical specialties designed 
as a practica! review of established procedures and recent ad- 
vances in medicine and surgery. Subjects related to general 
medicine are covered and the surgical departments participate in 
giving fundamental instruction in their specialties. Pathology and 
radiology are included. The class is expected to attend depart- 
mental and general conferences. 


FOR INFORMATION ABOUT THESE AND OTHER COURSES ADDRESS 
THE DEAN, 345 West 50th Street, NEW YORK 19, N. Y. 


COOK COUNTY 


GRADUATE SCHOOL OF MEDICINE 


Postgraduate Courses 


SURGERY—Intensive Course in Surgical Technic, 


Two Weeks, starting April 5, April 19, May 3 
Surgical Technic, Surgical Anatomy & Clinical 
Surgery, Four Weeks, starting June 7 

Surgical Anatomy & Clinical Surgery, Two 
Weeks, starting March 22 and June 21 

Surgery of Colon & Rectum, One Week, starting 
April 12 

Basic Principles in General Surgery, Two Weeks, 
starting March 29 

Gallbladder Surgery, Ten Hours, starting April 12 
General Surgery, Two Weeks, starting April 26 
Fractures Traumatic Surgery, Two Weeks, 
starting June 7 


GYNECOLOGY and OBSTETRICS—Gynecology 
Course, Two Weeks, starting June 7 

Vaginal Approach to Pelvic Surgery, One Week, 
starting March 29 


Obstetrics Course, Two Weeks, starting March 29 
Combined Course in Gynecology & Obstetrics, 
Three Weeks, starting April 19 


— Intensive Course starting 
y3 
Electrocardiography & Heart Disease, Two Weeks, 
starting March 15 and July 12 


eo Intensive Course starting 
pril 5 
Congenital & Rheumatic Heart Disease in Infants 
& Children, One Week, starting April 19 and 
April 26 


UROLOGY— Intensive Course, Two Weeks, starting 
April 19 
Ten-Day practical course in Cystoscopy every 
two weeks 


TEACHING FACULTY—ATTENDING STAFF 
of Cook County Hospital 


Address Registrar, 707 South Wood Street, Chicago 12, Illinois 
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For 
Comfort... 


Neatness .. 


For 


Support... 


Compression 


ELASTOPLAST 


able Original 
° Molds and holds to any contour . . . Allows joint 
E-L-A-S-T-I-C 


motion . . . Provides firm support and controllable 

compression . . . Does not slip. Assures the neatest, 

Adhesive most comfortable dressing in private and hospital 

Bandage practice. Available at your dealer in widths of 1, 2, 
216, 3. 4, 5 and 6 inches, 3 yards long (slack). 

* Elastoplast is also available in convenient unit dressings and compresses, Write for literature. 
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Bach Issues Wanted 


(MUST BE IN PERFECT CONDITION) 


THE AMERICAN JOURNAL OF SURGERY 


will pay 
$1.00 per copy for the following issues: 


March 1952 May 1952 


April 1952 November 1, 1950 
January 1950 


Send to | 


THE AMERICAN JOURNAL OF SURGERY, 
49 West 45th Street 


Inc. 
New York 36, N. Y. 
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A NEW BROAD- 
SPECTRUM ANTIBIOTIC 


is a new and notable 
broad-spectrum antibiotic. 

Several investigators have reported 
definitely fewer side reactions 
with ACHROMYCIN. 

ACHROMYCIN maintains effective po- 
tency for a full 24 hours in solution. It 
provides more rapid diffusion in tissues 
and body fluids. 


250 mg. 
CAPSULES ¢ 100 mg. 


50 mg. 


mg. 
250 mg. 
100 mg. 
Other dosage forms will become available as rapidly as research permits. 


500 
INTRAVENOUS 


On the basis of clinical investi- 
gations to date, ACHROMYCIN is 
indicated in the treatment of beta 
hemolytic streptococcic infections, 
E. coli infections, meningococcic, 
staphylococcic, pneumococcic and 
gonococcal infections, acute bronchitis 
and bronchiolitis, and certain mixed 
infections. 


SPERSOIDS’* 50 mg. 
Dispersible 4 per teaspoonful 
Powder Gm.) 


*Reg. U.S. Pat. Of. 
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BASIC chemically 


The structure of this newest antibiotic represents a 
nucleus of modern broad-spectrum antibiotic activity. 


BASIC clinically 


This newest broad-spectrum antibiotic has a 

wide range of action against respiratory, 

gastrointestinal, soft-tissue, urinary and mixed 

bacterial infections due to pneumococci, streptococci, 

staphylococci and other gram-positive 

and gram-negative organisms. ‘gt 


“Data thus far available would indicate that the use 
of tetracycline is accompanied by a significantly lower 
incidence of gastrointestinal symptoms .. 


oi This newest broad-spectrum antibiotic may often 
HH be used with good success in patients in whom 
" resistance or sensitivity to other forms of antibiotic 


therapy has developed. 


brand of TETRACYCLINE 


BASIC among broad-spectrum antibiotics 


supplied: 
TETRACYN HYDROCHLORIDE TABLETS (sugar coated) 
250 mg., 100 mg., 50 mg. 


TETRACYN HYDROCHLORIDE INTRAVENOUS 
Vials of 250 mg., and 500 mg. 


TETRACYN ORAL SUSPENSION (amphoteric) 
(chocolate flavored) 
J. B. ROERIG AND COMPANY Bottles of 1.5 Gm.; provides 250 mg. 
Chicago 11, Illinois per 5 cc. teaspoonful. 
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NOTES AND QUOTES 


HaroLtp SWANBERG in an editorial in the 
January Mississippi Valley Medical Journal 
(Quincy, Ill.) contends that there are entirely 
too many medical meetings that physicians, 
especially those in general practice, are called 
upon to attend. He states that practically 
every physician agrees that this is so but no 
one attempts to do anything about it. Within 
the past decade, Swanberg contends, there 
has been an especially rapid increase in the 
number of meetings beginning with the large 
number of new hospitals built, with their 
monthly medical staff meetings; the formation 
and the rapid growth of the American Academy 
of General Practice with its great national 
meeting, annual meetings of the various state 
chapters, together with more frequent meetings 
of numerous county or city units; the rapid 
growth of the International College of Sur- 
geons; the American Medical Association 
interim meeting, which was organized (1947) to 
appeal especially to general practitioners; 
numerous regional meetings such as the Chi- 
cago Medical Society Clinical Conference 
together with various Medical School Alumni 
and regional meetings of the American College 
of Surgeons, American College of Physicians, 
American Heart Association, State Medical 
Society Councillor District Meetings, etc. 
Swanberg states that through the annual 
dues of the American Medical Association 
every physician in organized medicine helps 
pay to conduct the annual American Medical 
Association interim meeting each December; 
he advocates that all scientific papers and 
exhibits of this meeting be abandoned, if not 
the entire meeting. He requests that all county 
medical societies pass resolutions urging that 
the delegates of each respective State Medical 
Society to the American Medical Association 
be instructed to use their influence to bring 
about the discontinuation of scientific pro- 
grams and exhibits at the A.M.A. interim 


meeting. Swanberg contends that the com-. 


parative small attendance of physicians in 
general practice at the interim A.M.A. meeting 
is additional evidence of the excess of medical 
meetings now being held. The A.M.A. can 
utilize the money spent on the interim meeting 
on other services; exhibitors, too, will save 
money as they are being asked to exhibit at 
(and thus help support) entirely too many 
medical meetings. It is far time that we called 
a halt to the merry-go-round of medical meet- 


ings and spend more time practicing medicine 
rather than racing around vainly trying “‘t 
take in” every medical meeting. 


Victims of any chronic disease experience 
psychologic stress, but this may be particularly 
profound in multiple sclerosis sufferers, ul 
was revealed in a new booklet for physicians, 
‘Psychological Factors in the Care of Patients 
with Multiple Sclerosis,” uritten by Dr. Molly P 
Harrower, noted New York psychologist, and 
Posalind Herrmann, Boston social worker, 
and published by the National Multiple Sclerosis 
Society, 270 Park Avenue, New York City. 
Multiple sclerosis, it is stated in the booklet, 
is not only chronic, but usually progressive, and 
unpredictable in its attacks, so that uncertainty 
plus fear of the future plus worries of the present 
combine to give multiple sclerotics an unusual 
share of anxiety. Since no cure for the disease 
is known, there are unique aspects in the rela- 
tionship between doctor and patient. 


AN industrial textile has solved one of the most 
difficult problems in the artificial heart-lung 
machine, experimenters report. These miracu- 
lous machines this year, for the first time, 
permitted an operation on a bloodless but still 
beating human heart. More than half of all 
deaths are a result of heart and blood vessel 
diseases. U.S. Government medical researchers 
have reported that with a heart-lung machine 
of proper design “‘it is not difficult to supply 
oxygen to the blood, rid it of excess carbon 
dioxide, and pump a sufficient volume to 
maintain life, but it is very difficult to obtain 
a sufficient supply of blood from the body for 
the machine.” 


It is called to the attention of candidates who 
have been notified of their eligibility to (Part 1) 
examination by the American Board of Ob- 
stetrics and Gynecology that their Case Abstracts 
are now due. The next scheduled examinations 
(Part II) for all candidates will be conducted 
at the Edgewater Beach Hotel, Chicago, Illinois, 
by the entire Board from May 10 through May 17, 
1954. Formal notice of the exact time of each 
candidate’s examination will be sent him several 
weeks in advance of the examination dates. 
Candidates for re-examination in Part II must 
make written application to the Secretary’s 
office, 2105 Adelbert Road, Cleveland 6, Obio, 
not later than April 1, 1954. 
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THE SURGEON’S MART 


STRYKER 
DERMATOME 


New convenience in skin graft- 
ing! Cuts grafts in 2%” strips, 
any thickness, any length, from 
any part of body. Works most 
efficiently with Stryker Skin 
Tape. Sewing not ordinarily re- 
quired. Motor and dermatome 
can be autoclaved as a unit. 
Quickly converted to bone saw. 


ORTHOPEDIC FRAME COMPANY 


Kalamazoo, Michigan 


ILEOSTOMY BAGS 


Custom Built to Order 


CEMENTED TO THE SKIN 
LEAK PROOF 


H. W. RUTZEN & SON 
Surgical Appliances—Dept. S. 
3451 West Irving Park, 
Chicago 18, Illinois 


THE DALZOPLEN BANDAGE 


The Primer Bandage (moist) and the Dalzoflex 
Bandage (elastic adhesive)—suggested in the 
Pressure Treatment of 


LEG ULCERS, VARICOSITIES 


and other ailments of the extremities where pres- 
sure is indicated. It Costs no more to use the 
best! 


Catalog and Prices on Request 


WUedical Tue. 


5 North Wabash Avenue Chicago 2, Illinois 


No irritants 


For Safe Laxation 
in All Age Groups... 


Zymenol Zymelose 


(tablets and granules 
brewers yeast) 


with SCMC and 
Non-hobit forming 
* No leakage ig 


without 
* Mild, gentle, 
sugar free 
* Convenient 
Other doctors report both provide effective bowel 
management. For your samples, please write: 
OTIS E. GLIDDEN & CO., INC., Waukesha 28, Wis. 


AIRE-CAST 


TRADE MARK 

THE ALL-PLASTIC CAST BANDAGE 

@ it's light, strong, porous 
@ It’s X-ray transparent 

@ It’s unaffected by water 

Write for technics and prices 

the TOWER COMPANY, Inc. 


P. O. BOX 3181 - SEATTLE, WASHINGTON 


FLEXIBLE SKIN RETRACTOR 


Stainless Steel Blade & Handle 
Chromed Flexible Shank 


3 Prongs, sharp or blunt teeth ...... $5.00 
2 Prongs, sharp or blunt teeth ...... 5.00 
1 Prong, sharp or blunt tip......... 4.50 


Order direct, postage paid— 


CAMPBELL ASSOCIATES 
918 Race St. Cincinnati, Ohio 


RADIUM 


RADON 


SEEDS — APPLICATORS 


THE RADIUM EMANATION CORP. 
GRAYBAR BUILDING, NEW YORK 17, N. Y. 


MURRAY HILL 3-8636 


In answering advertisements please mention The American Journal of Surgery 
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NOTES AND QUOTES 


Pitman-Moore Company, Indianapolis drug 
firm and one of the major producers of gamma 
globulin, used for the prevention and treat- 
ment of poliomyelitis, has expanded its efforts 
in the field of polio prevention to the production 
of experimental vaccine, according to K. F. 
Valentine, president. 

The company is one of five named to produce 
the vaccine for the National Foundation for 
Infantile Paralysis to be used in an experi- 
mental inoculation program. The Foundation 
will direct the vaccination of 400,000 to 
1,000,000 second grade school children in more 
than 200 counties scattered across the country 
where the incidence of epidemic polio has been 
greatest during the last five years. The number 
to be inoculated will depend on the ability of 
the firms to produce the vaccine. Mr. Valentine 
said that the project is underway and vaccine 
is in production, but the company’s possible 
output could not be estimated at this time. 
In order to co-operate with the Foundation, 
the company has agreed to conduct the pre- 
liminary work on a non-profit basis. If it proves 
successful, it will be available through com- 
mercial channels. Pitman-Moore Company will 
be a producer of the commercial product. 

The vaccine was developed by Dr. Jonas E. 
Salk at the University of Pittsburgh. While 
there seems to be no doubt of its safety, its 
immunizing value will be decided by the results 
of the program. However, its efficacy will not 
be known until 1955. While some companies 
will be furnished virus for inactivation and 
processing into vaccine, Pitman-Moore Com- 
pany will grow its own. Until a vaccine has 
been proved effective, Pitman-Moore also will 
continue to furnish gamma globulin to the 
Foundation to be used in epidemic areas. The 
company’s entire production has been com- 
mitted through 1954. 


Chancellor Henry T. Heald of New York Univer- 
sity announced receipt of a gift of $1,268,941 
from the Samuel H. Kress Foundation toward 
the cost of construction of the $8,500,000 Medical 
Science Building scheduled for completion next 
spring at the New York University-Bellevue 
Medical Center. The new building, a key struc- 
ture in the $29,500,000 medical center, will pro- 
vide facilities for the Post-Graduate School of 
Medicine and the College of Medicine, including 


research laboratories, offices, library and student 
facilities. 

Chancellor Heald said the new gift from the 
Kress Foundation brings to $3,882,000 the 
amount it bas contributed to the center, about 
balf for current support of the Post-Graduate 
Medical School and half for capital purposes in 
the construction of new facilities. When the 
Medical Center is completed, it will include the 
Medical Science Building, the Institute of 
Physical Medicine and Rebabilitation (opened 
in 1951), a new hospital, a ball of residence 
and an alumni ball. 


A new specially developed seamless nylon 
filter tube taps the blood with new efficiency. 
Not only does this nylon blood filter tube 
provide an ample supply of blood for the 
machine, it also uncomplicates the operating 
area by allowing blood to be drawn from the 
limbs after a small local incision. Nashville, 
Tennessee medical investigators, working at 
the Veterans Administration hospital with the 
cooperation of Vanderbilt University, dis- 
closed that before the new product was used 
it was necessary to open the big veins near 
the heart in order to get enough blood, thus 
crowding the operation area. Suction in smaller 
veins previously collapsed the veins. Other 
filters sucked the thin vein walls which clogged 
the flow. To overcome these blood supply 
difficulties, the VA researchers found that 
““Schlegel’s nylon blood filter tubing is ideally 
suited to withdraw large amounts of blood 
when slipped inside the veins of the body.” 
It provides thousands of openings per inch 
that are not just perforations on the surface 
of a pipe or hose. It was also found that the 
filter could not be glass as white corpuscles 
stick to glass. 


The Third International Congress of Internal 
Medicine will be held in Stockholm, September 
15-18, 1954, under the auspices of the Inter- 
national Society of Internal Medicine in which 
forty nations are represented. The program for 
the Congress includes two symposia, one dealing 
with hypertension, its pathogenesis and treat- 
ment, and the other with collagen diseases, that is, 
diseases localized in the connective tissue. Several 
American internal medicine specialists will be 
among the principal speakers. In addition, papers 
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YOUNG'S piLators 


’ 
THE SURGEON’S MART 
Extremely useful in the treat- 

ment and prevention of con- 

tracted anus (particularly follow- 

ing hemorrhoidectomy), as an aid 

in perineal dissection and repair 

following delivery. 


Sold only on prescription—at your surgical dealer or ethical pharmacy 
Adult Set sizes 1, 144, 2, 3—for stretching anal sphincter. 
Children’s Set sizes 0, 1, 144, 2—for preventing contracted anus. 
Size 3 and 4 drilled to take towel clamps—for use 1n perineal repair. 
’ Write for Literature and Reprints 


F.E. YOUNG & CO, 460 East 75th Strest 


TORBOT ILEOSTOMY & COLOSTOMY APPLIANCE ° 


DEPENDABLE . Sealed to the skin in an air-tight bond. 
- . Assures complete confidence to wearer. 
. Can be worn when swimming or 

bathing. 


COMFORTABLE 1. Weighs less than 3 ounces. 


1 
2 
3 
1 
2. Less than %” in thickness. 
1 
1 
2 
1 


PRACTICAL . Spout at bottom for emptying drainage. 
co a . Can be emptied at any toilet, afford- 
ing wearer freedom of travel. 
DURABLE . Lucite plastic ring. 
. Seamless latex pouch (reinforced). 
. Detachable pouch. 
A.M.A. Approved 
Reprints on Request 


THE TORBOT COMPANY, INC. 
689 Eddy Street, Dept. J, Providence 3, Rhode Island 


ECONOMICAL 


Lawton PITUITARY RONGEURS 
for modern technic 


3mm x 10m 


2mm x 10mm 
D 


All stainless steel. Any straight model as illustrated 
$31.50 (actual size of jaws at right)—angled, up or 
down $35.00. GUARANTEED FOR ONE YEAR. 


Sec’y-Treas. 


IV, PHYSICIANS’ SUPPLIES, Inc. 


133 EAST 58th STREET NEW YORK 22.NY. 
PHONE—PLaza 3-5533, 3-5534, 3-549] 


ALTERNATING | 
PRESSURE POINT 


for 
GREATER PATIENT 
COMFORT 


@ REDUCED NURSING CARE 


A.P.P. Pads use is recommended at first indication of bed- 
sores or for their treatment, especially where turning patient 
is undesirable. Over 3000 A. P. P. Units now in use provide sta- 
tistics showing many hospitals gain 200% return on investment. 


Call your hospital equipment 
y tat | or contact mfr. 


AIR MASS, INC, ccevecann 


Colostomy and Ileostomy Patients 


find MORE convenience and LONGER 
service with 


PERRY APPLIANCES 


large variety of models and sizes 
CUPS, BAGS, PROTECTORS and 
IRRIGATORS, MANY FEATURES 
found ONLY in PERRY appliances. 
dogg for folders showing complete 
ine. 


MURLE PERRY 
3803 East Lake Street 
Minneapolis 6, Minn. 


STRYKER Portable 
Suspension Traction Frame 


For fractures of the femur in infants 
and children. Designed for Bryant 
traction and to simplify reduction. 
Fully adjustable for children up to 
seven years. Child can be taken home 
several weeks earlier- 


ORTHOPEDIC 
FRAME 
COMPANY 


Kalamazoo, Michigan 
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will be presented on such subjects as heart 
diseases, endocrine disturbances, gastrointes- 
tinal diseases and diseases of the blood and liver. 
The meetings will be held in the Stockbolm Con- 
cert Hall. Visits will be made to hospitals and 
scientific institutions. The Congress Committee 
in Stockholm is beaded by Professor Nanna 
Svartz, of the Caroline Medical Institute, who 
is president of the International Society of 
Internal Medicine. 


Many thousands of persons suffer from multi- 
ple sclerosis. A progressive disorder of the 
nervous system, it inevitably results in com- 
plete disability. Because it primarily strikes 
those between the ages of twenty and forty 
and frequently does not terminate until the 
conclusion of the average life span, multiple 
sclerosis constitutes a long-term burden to the 
patient and family. 

A pamphlet, produced by the National 
Multiple Sclerosis Society in cooperation with 
the National Institute of Neurological Diseases 
and Blindness, is the first designed for con- 
sumption primarily by the victim of multiple 
sclerosis. A realistic presentation of the medical 
status of the disorder and the facilities available 
for its amelioration, it may aid the multiple 
sclerosis patient to adapt to his condition. It is 
also hoped that this publication will prove of 
interest to those associated with the problems 
of multiple sclerosis and who are in a position, 
professionally or non-professionally, to help 
do something about them. 

The National Multiple Sclerosis Society and 
the National Institute of Neurological Diseases 
and Blindness are distributing the pamphlet 
with these purposes in mind. Copies of the 
pamphlet may be obtained in limited quantities 
by writing to the Public Inquiries Branch, 
Public Health Service, Department of Health, 
Education, and Welfare, Washington 25, D. C. 


The American Heart Association and its 
affiliates bave published a new booklet, ‘‘ Have 
Fun... Get Well,” which pbysicians may 
give to parents of rheumatic fever patients to belp 
them make the long period of bed rest more 
endurable for their youngsters. The booklet offers 
specific suggestions to keep bedridden young 
people cheerfully occupied with hobbies, crafts 
and other suitable activities. Dr. J. G. Fred Hiss, 
Chairman of the Association’s Council on 


Rheumatic Fever and Congenital Heart Disease, 
explains in a foreword that the purpose of the 
booklet is “‘to belp patients make this time of 
physical repair a period that is also mentally and 
spiritually constructive.” 

The first section of the pampblet addressed to 
teen-agers was uritten by Maryelle Dodds, and is 
based on data she gathered while working with 
rheumatic fever patients at Los Angeles County 
General Hospital. The second section for younger 
children and an extensive bibliography were 
prepared by the American Heart Association. 
The booklet is available from affiliated Heart 


Associations. 


Tue Post Office Department, as part of the 
Administration’s laudable aim to reduce gov- 
ernmental costs and balance the budget, 
desires to increase postal rates in most classes. 
Users of second and third class postage urge 
deferment of any such step until the Carlson 
study of rates, costs, etc., is completed. Senator 
Frank Carlson (R., Kans.), chairman of the 
Senate Post Office and Civil Service Committee, 
has stated “the argument about Post Office 
rates frequently revolves around facts that are 
not facts at all.’ The Carlson study aims at 
arriving at the facts, and then considering the 
Department’s proposals in the light of those 
facts. 

There are many ramifications. To what 
extent do publications and users of third class 
mail enhance business activity and thereby 
perform a public service? To what extent do 
publications serve in the field of education? 
To what extent should the Department be 
considered a service (like other U. S. Depart- 
ments) rather than a business organization 
that shouldn’t be “in the red?” The whole 
problem is of great importance to investment 
dealers who are extensive users of both first 
and third class mail. 

So we urge the able businessmen who are 
running the Department to wait for the study 
to be completed—early in 1954. And if second 
and third class increases are indicated, let 
them be instituted gradually, giving business a 
chance to adjust its charges to the new costs. 
Reprinted from INvestMENT Dealers’ DicEst 
issue of November 2, 1953. 


Teen-agers are bound to make mistakes now and 
then, but these mistakes are necessary if they are 
to learn to take care of themselves and to become 
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THE SURGEON’S MART 


AUTOMATIC! 
Set it... 


Forget It! 
The only Electroni- 
cally Controlled Low 
Voltage Muscle Stim- 
ulator 


Used in adjunct ther- 
apy for rehabilitation 
of atonic muscles in 

t fractures, sprains 
dislocations and other trauma of muscle and skeletal system. 


ELECTRO THERAPEUTIC INSTRUMENT COMPANY 
Dept. S. 5752 N. Milwaukee Ave., Chicago 30, Illinois STL, MN 


PADGETT-HOOD 
ELECTRO DERMATOME 


Accurate and uniform grafts of any width up to FOUR 
inches and to any length. A single Surgeon using but one 


Myofasciatron 


; ; hand can operate this simple instrument without assistance 
P E L Vv I For slipped discs, sprains or minor 


TRACTION fractures of vertebral processes. 


Non-irritating. Spreader bar avail- 
BELT able. Send for full information. 


ZIMMER MFG. CO. 
WARSAW, IND. 


Write to us today for detailed information 


KANSAS CITY ASSEMBLAGE CO. 


816 Locust Street Kansas City, Mo 


Disintegrating 


ALESEN T-TUBE 


For Safer Gastrectomy 


Reduces hazard of duodenal 
stump disruption. Smoother post- 
operative convalescence. Disintegrates and 
discharged in 5 to 7 days post-operatively. 
Contains barium sulfate for x-ray purposes. 
Available at you Surgical Supply House. 


EMERSON “Vasculaider”’ 


oscillating bed 
pauses 
when the feet are down, and again 
when they are up, to enable gravity 
to exert its fullest beneficial effect. 


J. H. EMERSON COMPANY Write for Literature 


CAMBRIDGE 40, MASSACHUSETTS SEAL-INS LABORATORIES 
2857 East 11th Street, Los Angeles 23, Calif. 


AZOCHLORAMID IN TRIACETIN 1:500 
® For moistening dressings and packings 
of CHLOROAZODIN U.S. P. AZOCHLORAMID SALINE MIXTURE 


An Effective Anti-Bacterial Agent in To prepare isotonic saline solution 1:3300 for 
irrigation, hot soaks, compresses, etc. 


TRAUMATIC WOUNDS « DIABETIC GANGRENE 
Non-toxic to tissue — Virtually non- 
1935 5 y; 1952 Strongly deodorizing PA-11 


W6&T Pharmaceutical Division 
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responsible members of society, it is pointed out 
by the booklet, ‘Understanding Your Teen- 
Ager,” just published bere by the Metropolitan 
Life Insurance Company. 

Wanting to select their own clothes, make their 
own plans, and choose their own friends are all 
a part of developing independence, the booklet 
adds. To become an adult, the teen-ager needs 
more decisions that are bis own to make; more 
chances to test himself out; more discussions of 
what can and cannot be done and why; fewer 
absolute probibitions, and some firm “no's” 
when the need for them is clear cut. While the 
book was drafted with the adult reader in mind, 
it also may be classed as appropriate reading for 
interested youngsters in this age group. It also 
should be of interest to teachers, clergymen, bealth 
officers and leaders in community social agencies. 

Copies may be obtained from Metropolitan 
agents, local officers of the company, by writing 
to the Metropolitan Life Insurance Company, 
1 Madison Avenue, New York 10, N. Y. 


Doctors are cordially invited to attend the 
Sixth Congress of the Pan-Pacific Surgical 
Association to be held in Honolulu, October 
7-8, 1954, and are urged to make arrangements 
as soon as possible if they wish to be assured 
of adequate facilities. The Association office 
has been appointed as travel agent for those 
attending the Congress and it is important 
that all hotel and travel reservations be made 
through the Honolulu headquarters of the 
Pan-Pacific Surgical Association. 

An outstanding scientific program with over 
one hundred leading surgeons, including ses- 
sions in all divisions of surgery and related 
fields, promises to be of interest to all members 
of the profession. An extensive social program 
is being developed for the doctors’ families. 

For further information, please write to F. J. 
Pinkerton, M.p., Director General, Pan-Pacific 
Surgical Association, Suite Seven, Young 
Building, Honolulu, Hawaii. 


Scrub typhus, the disease that killed hundreds of 
Allied and Japanese troops in the Burma cam- 
paign during World War II, bas not claimed a 
single soldier now on active service against 
Malaya’s Communist terrorists. 

Capt. D. H. de T. Reade, military information 
officer on non-tactical subjects attached to Head- 


quarters Malaya in Kuala Lumpur, said the 


reason is “the wonder antibiotic chloromycetin, 
which has proved 100 per cent effective in curing 
scrub typbus.”’ Capt. Reade wrote a report pub- 
lished by Malaya’s two leading newspapers, the 
Sunday Gazette and the Sunday Times, which 
said, ‘‘So swift is the cure that soldiers generally 
can be back on duty within a week. By older 
methods of treatment, they were away two to 
six months, and very often one in four died.” 


THE treatment of the lowly backache has been a 
headache to most physicians, but this need not 
be necessarily so any longer. The Myofasciatron 
Low Voltage Muscle Stimulator has proved to 
be successful in the complete relief of low back 
muscle spasm in thousands of cases. Ortho- 
pedists have found it to be of inestimable value 
as an adjunct therapy for rehabilitation of 
atonic muscles in post-fractures. No heat is 
generated by this instrument. Muscles become 
involuntarily contracted by a low voltage elec- 
tric impulse which is administered without pain 
to the patient and is well tolerated. The instru- 
ment is unique in that it has an electronic auto- 
matic control thereby requiring only a mini- 
mum of personal time and attention. The 
galvanic wave included with the instrument is 
ripple-free and assures a comfortable tolerance 
to the patient. The manufacturer is the Electro 
Therapeutic Instrument Co., Chicago, III. 


Wound and burn patients enjoy greater comfort 
and doctors can observe day-to-day progress of 
healing without removing a new flexible and 
transparent surgical dressing based on Bakelite 
vinyl resins that is tough and impermeable to 
bacteria. Sprayed directly on the wound by the 
doctor, this versatile and sterile dressing can be 
applied in less than one-tenth the normal time 
taken to put on a conventional gauze-and-oint- 
ment bandage. 

Because extensive clinical data have confirmed 
its value as a protective dressing for general 
surgical use, the new spray-on dressing is being 
made available for professional use only bv 
Aeroplast Corporation, Dayton, Obio, in a bandy 
aerosol bomb applicator. The dressing was 
originally developed in cooperation with the 
Aero Medical Laboratory of the United States 
Air Force for the mass treatment of burns in 
catastrophes. Early experimental studies indi- 
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THE SURGEON’S MART 


Double 
Seal 


REG. U. S. PAT. OFF. 
Ad hesive 
Plaster 


MAXIMUM ADHESION 
MAXIMUM TACK 
¢ MINIMUM CREEP 


MINIMIZED ALLERGIC 
CONTENT 


ROLL or SPOOL—ECONOMICAL to USE 
Order from your Surgical Supply Dealer 
THE SCHOLL MFG. CO., INC., CHICAGO -NEW YORK -LOS ANGELES 


IMPROVED ADJUSTABLE EXTENSION 
HOOK No. 108 


% For Buck's method and Russell 
method of treating fractures of 
the femur. Fits over end of 
any bed. Vinyl! plastic covered 
—no marring. No. 56-E has 
double pulley. Also weights, 
traction, cords, etc. 


Send for 124 page catalog 


ORTHOPEDIC EQUIPMENT COMPANY 
300 Ft. Wayne St., Bourbon, Indiana 


GREER Doctors! . . . Specify 


coLostomy e GREER e 
COMPACT COLOSTOMY COMPACT 


Hastens patients’ hos- 
pital discharge. Pleases 
and equips the patient 
completely without in- 
dividual fittings or any 
“extras” to buy. 

Your local Surgical 


Supply House carries 
Greer Colostomy Compacts 


JOHN F. GREER 


4020 Broadway, Oakland, Calif. 


CONVENIENT WITCH HAZEL DRESSINGS 


ee Tucks are ready to use 
* discs of soft outing flannel, 
saturated with a solution con- 
taining witch hazel 50%, and 
glycerin 10%. Surgeons (and Nurses) 


like Tucks as a soothing sponge ordress- © 
ing following anorectal and other oper- 
ations. Your patients will like Tucks, too! 
A trial supply of Tucks will be sent 
to you on request. 


fuller Pharmaceutical Company WwW 


Minneapolis 4, Minnesota 


MAY WE SUGGEST--- 
FOR THE PROTECTION 
OF YOU AND YOUR PATIENTS 


LANCO ANTISEPTIC SOAP 


AVAILABLE IN LIQUID AND BAR FORM 
RESIDUAL EFFECT 


LANAIR CHEMICAL CORP. 
75 YEARS OF GROWTH AND SERVICE 


236 W. NORTH AVE. CHICAGO 10, ILL. 


LADIES ELASTIC FRACTURED RIBS BELTS 


More comfortable and effi- 
cient than adhesive strap- 
ping. Made of the finest 
quality elastic webbing. 
Order through your dealer, or 
order direct. 
Large Adult. . . $3.00 each 
rr $3.00 each 
Medium Adult, $3.00 each 
| $3.00 each 
Delivered. Less 10% on 
orders of 12. 


LITTLE MFG. CO., BOX 202, WADESBORO, N.C. 


In answering advertisements please mention The American Journal of Surgery 


De Puy 
ROUND 
INTRAMEDULLARY 
PIN 


@ Round pin with round tip will not cut out 
through side of bone. Hook fits over outer 
cortex. Finest SMo Stainless Steel. 44 sizes 
$1.75 to $4.00. 


Write for free folder. 


DE PUY MFG. CO., Inc. 


WARSAW, INDIANA 
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NOTES AND QUOTES 


cated a broader usefulness for this dressing which 
bas been borne out by many successful clinical 
applications in treating a wide variety of surgical 
conditions, including burns, skin grafts, appen- 
dectomies, compound fractures and many others. 


TARIFF rates on drugs and chemicals should be 
established on individual products or classes of 
products and not on an across-the-board basis, 
Dr. Ernest H. Volwiler, President and General 
Manager of Abbott Laboratories, told the New 
York Society of Security Analysts. ‘‘This ques- 
tion of tariffs has been troubling the entire 
chemical industry,” he said. ‘It has led to a 
great deal of soul-searching and some disagree- 
ment among the American producers.” Dr. 
Volwiler said it is “obvious” that we should 
encourage incentive for private investment in 
chemical plants, equipment and research. “It 
is futile and wrong to try to establish tariff 
rates on an across-the-board basis. The rates 
should be set on individual products or classes 
of products, depending on the particular indi- 
vidual situation and importance. This holds 
true of drugs as well as chemicals in general.” 

The resurgence in drugs in Germany, Eng- 
land, Switzerland, France, Italy and Japan 
‘‘are factors to be reckoned with,” Dr. Volwiler 
said. ‘‘We have already felt their re-entry into 
various foreign countries, particularly in anti- 
biotics,” he said. “‘Labor costs much less in 
those producing countries and they have the 
research abilities and manufacturing know-how 
to produce good drugs and to produce them 
rather cheaply. An offsetting factor is, however, 
that the majority of new developments in the 
drug field in the last fifteen years have come 
from United States and the momentum of this 
lead must not be lost.” 


Edward Weck e» Company have just become 
publishers. For the first time ever they have 
sponsored a book ‘‘ Surgical Instrument Guide for 


Nurses” by Edith Dee Hall. 


ParKE, Davis & Company is trying to help 
millions of people to help themselves in a public 
service advertisement headlined, “How To 
Select A Family Doctor.’ The pharmaceutical 
firm emphasizes, ‘“Too many people wait until 
a crisis compels them to summon a doctor. 
They forget that the crisis might not have 
become a crisis at all if a physician had been 


consulted on a regular basis.’ Therefore, they 
suggest if you do not have a family doctor 
now, (1) Ask your county medical society for 
a list of qualified physicians in your com- 
munity; (2) ask a local hospital or your 
pharmacist for the names of three or more 
doctors and (3) visit several doctors before 
you make your choice, because mutual confi- 
dence is an important factor in this relationship. 

People should not hesitate to discuss fees 
with their doctor, the Parke, Davis advertise- 
ment says. Dr. Edward J. McCormick, presi- 
dent of the American Medical Association, is 
quoted as saying, “Mutual understanding of 
the economics of medical care is most impor- 
tant, and I would like to encourage both 
patient and physician to develop such an 
understanding.” 


The 1954 meeting of the American Goiter Asso. 
ciation will be beld at the Somerset Hotel, Boston, 
Massachusetts, April 29, 30 and May 1, 1954- 
The program for the three-day meeting will con- 
sist of papers and discussions dealing with the 
physiology and diseases of the thyroid gland. 


THE average American worker in 1950 was 
nearly three times as productive as his Western 
European counterpart, according to studies 
announced by Stanford Research Institute. 
He also was able to buy about three times as 
much with his earnings. 

After several years of staff research and 
travel in eleven countries for the U.S. Army’s 
Operations Research Office, the Institute has 
made a general report of some of its findings 
in a current issue of its news bulletin, “Re- 
search for Industry.” An analysis based on the 
studies was begun last year. The finished table 
of figures lists comparative productivity of 
labor in the European countries for the years 
1946-1950. According to the comparative 
analysis, productivity in Sweden and the 
United Kingdom is about half that in the 
United States, representing the highest level 
in Europe. Lowest productivity in Western 
Europe was registered in Italy and Spain, 
with ratios of one-fifth and one-seventh, respec- 
tively. Canada’s productivity level, included 
along with the United States in the compari- 
sons, was actually four-fifths as high as the 
United States level. 
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MERDHENE 


CAMP PLASTIC sraces 


Cervical, Goldthwait 
Taylor and Chair Back Types 


Light weight plastic, rigid as 
steel. Can be molded by hand 
under infra-red lamp for pre- 
cision fit. No waiting for cus- 
tom manufacture. Completely 
washable. Available at Camp 
dealers. 


THE MODERN, POTENT GERMICIDAL CONCENTRATE 
With Anti-Rust Agent 


FOR ... Sterilization of surgical instruments 
. .. Preoperative hand and arm scrubs 

... Disinfection of operative sites 

,.- Combatting skin infections 

and surface wounds 

For literature and samples 
of Merphene Concentrate, 
Clear or Tinted, send to 


S. H. Camp & Co. 
Department A 
Jackson, Michigan 


DOCTOR! save ‘precious ‘minutes 


in office scrub-up 


new cast padding 


LIQUID SURGICAL SOAP 
Le 
97% bacteria reduction 
than felt, easy to shape and tear— sodustion 
- ideal for office or clinic. 


rugged and resilient non-toxic 
and non-allergenic | 


Mt, by Varo- Met. Inc., Chicago, 


ier: Hands stay soft . feel 
> >» clean! $5.50 per ‘gallon, 
4 delivered U.S., free 8 oz. 

? plastic dispenser. Money 
back if not satisfied. 


HUNTINGTON LABORATORIES, Inc. 
Dept. JS, Huntington, Indiana 


Dist. by Zimmer Manufacturing Co., Warsaw, Ind. 


In answering advertisements please mention The American Journal of Surgery 


Precision 
FOR INCISION 


As the “Master Blade” for the Master Hand, 
where the need is for PRECISION, every 
Crescent Blade is precision-made for fine 
balance . . . precision-honed for extreme 
sharpness . . . precision-tested for strength 
and rigidity. 

Precision-performance is assured by the 
new Swedish steel of high carbon content 
and unusually fine grain. 

Precision-protection is provided by the 
new moisture-proof, all-climate, aluminum- 
foil wrapping. 

Samples on request 


CRESCENT SURGICAL SALES CO., INC. 
48-41 Van Dam Street, Long Island City, New York 


rescent 


SURGICAL BLADES AND HANDLES 


61% 
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Doc lor » do you feel that your colleagues are miss- 


ing important new medical findings by not 


reading The American Journal of Surgery? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 


colleagues. Just fill out the coupon and mail 


it to us. 
Dr. Dr. 
Address Address 
Dr. Your Name 


Address Address 


A.J.S.-3 


The American Journal of Surgery 


49 West 45th Street - New York 36, New York 
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